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GEOCHRONOLOGY AND GEOCHEMISTRY OF THE EASEMENT ORTHOGNEISSES OF THE
ARAGUAIA BELT, BRAZIL
by
Candido A. V. Moura 
University of New Hampshire, December, 1992
Orthogneisses representing the basement rocks of the Araguaia belt (AB), Brazil, 
are exposed in the core of dome-like structures. Gneisses of trondhjemitic, tonalitic, and 
granodioritic (TTG) composition constitute the Colmdia Complex, while augen gneiss, of 
granitic composition, is termed Cantao Gneiss (CG). An Archean age is suggested for the 
TTG gneisses, although the available Rb-Sr ages for these rocks range between 1.8 and 
2.6 Ga. A Rb-Sr age of 1.77 Ga for the CG is interpreted either as a crystallization age or 
a resetting age.
Geochronologica! and geochemical studies of the orthogneisses of five of these 
dome-like structures of the AB were made to investigate the age(s) of crystallization of 
the orthogneisses, and their geochemical evolution. This study also provides 
geochronological and geochemical parameters for comparison of these orthogneisses with 
rocks of the adjacent Amazonian Craton (AC). Finally, the age of structural development 
of the AB is constrained by dating syntectonic granitic rocks associated with the 
supracrustal sequences of this belt.
U-Pb ages in zircon and single zircon Pb-evaporation (SZPE) ages indicate that 
the TTG gneisses of the AB are Archean in age. SZPE data suggest a minimum age of 
emplacement of the igneous protoliths of the Archean orthogneisses 2.85 Ga ago. SZPE
x v
data also indicate a Middle Proterozoic age for the CG, and suggest a  minimum age of 
emplacement of the igneous protolith 1.85 Ga ago.
Sm-Nd model ages suggest the source of the TTG parental magma was extracted 
from the mantle around 3.0 Ga. The Cantao Gneiss protolith was generated by partial 
melting of Archean rocks, however with lower 87Sr/86Sr than the Archean TTG of AB.
Geochronological and geochemical similarities between the basement orthogneisses 
of the AB and the rocks of the AC are suggested. This supports structural and geophysical 
interpretations suggesting that the supracrustal sequences of this belt were deposited on 
the rocks of AC.
The singe zircon ages of the syntectonic granitic bodies associated with the 
supracrustal rocks of the AB indicate the Brasiliano thermo-tectonic cycle (700-450 
Ma) was responsible for the structural evolution of this belt.
x v i
I- INTRODUCTION
The South American continent has been divided into three geologically distinct 
regions. These are the South American Platform, Patagonian Platform, and the 
Cordilleran System which is represented in the Andes and Caribbean regions (Fig. 1) 
(Schobbenhaus and Campos, 1984). The South American Platform is made up essentially 
of Precambrian igneous, metamorphic and sedimentary rocks, with the youngest fold 
belts consolidated by the beginning of the Phanerozoic Eon (Almeida et al. 1981). These 
rocks are exposed in three shield areas of the South American Platform (the Guyana, 
Central Brazil and Atlantic shields) separated from each other by Phanerozoic cover 
(Fig. 1). The country of Brazil is totally inside the South American Platform, and the 
shield areas occupy more than 50% of the country.
Almeida et al. (1981) proposed a geologic division of the country of Brazil into ten 
structural provinces (Fig. 2). These provinces constitute large areas which show 
differing geologic evolution from those presented by the bordering provinces. In the 
Guiana Shield, Almeida et al. (1981) distinguished the Rio Branco Province and in the 
Central Brazil Shield, the Tapajds and Tocantins provinces. The Sao Francisco, 
Borborema and Mantiqueira provinces were distinguished in the Atlantic shield (Fig. 2). 
The Rio Branco and Tapajds Provinces (Amazonian Craton) and the Sao Francisco 
Province (Sao Francisco Craton) are suggested not to have undergone deformation and 
metamorphism in times more recent than 1800 Ma. On the other hand, the Tocantins, 
the Borborema and the Mantiqueira provinces were subjected to tectonic activities until 
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Figure 1- Tectonic division of the South America after Almeida e t al. (1976) and 
Hasui and Almeida (1985). The solid line through the shield areas and 
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Figure 2- Brazilian Structural Provinces after Almeida et al. (1981)
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Mesozoic sedimentary basins, while development of the Coastal Province and Continental 
Margin is related to the opening of the Atlantic Ocean.
The Tocantins Province has on its western side the Paraguay-Araguaia belt (Fig. 
3), whose structural vergence is toward the Amazonian Craton. This belt presumably 
continues to the north of Brazil (Oiapoc belt) and in Africa (Rockelide belt), and also 
along the south margin of the Amazonian Craton (Sunsas-Tucavaca belt), with a total 
length exceeding 4000 km (Brito Neves and Cordani, 1991). On the east side of the 
Tocantins Province are the Urua^u and Brasilia belts (Fig. 3), with vergence of 
structures eastward toward the Sao Francisco Craton. The formation of the Paraguay- 
Araguaia, Urua;u and Brasilia belts are believed to have taken place during the Middle to 
Late Proterozoic (Hasui et al., 1980; Almeida et at., 1981; Hasui et al., 1984a; Marini 
et al., 1984 and Almeida, 1984). In the central portion of the Tocantins Province is the 
Goids Median Massif which is composed mainly of Archean and Late Proterozoic rocks. 
This massif separates the Paraguai-Araguaia belt from the Urua$u and Brasilia belts 
(Fig. 3).
The Araguaia belt (Hasui et al. 1980) corresponds to the northern portion of 
Paraguai-Araguaia belt and is located at the northern part of the Tocantins Province 
(Fig. 4). The belt is 1200 km long and more than 100 km wide, and has a general 
north-south orientation. On the west side it is in contact with the Amazonian Craton, and 
is partially covered by Quaternary sediments. In the north, northeast and east, the belt 
is covered by Phanerozoic sediments of the Parnaiba Basin. In the south and southeast, it 
is bordered by the Goids Median Massif. The Araguaia belt is composed of a 
metamorphosed psammitic and pelitic sequence with minor contributions of chemical 
metasedimentary and mafic-ultramafic rocks. The metamorphic grade and deformation 
decrease from east to west, or toward the Amazonian Craton.
In the west part of the Araguaia belt the anchimetamorphic to unmetamorphosed 




Other Phanerozoic sedimentary covers
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Figure 3- Tocantins structural province after Almeida et al. (1981). Dashed line is projection of the Tocantins province 
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Figure 4- Simplified geologic map of the Araguaia belt after Costa et al. (1988a)
and Dall'Agnol et al. (1988). Lineaments (structural) shown as long parallel 
dashed lines.
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Craton. In contrast, the presumed southeast limit of the Araguaia belt and its basement is 
marked by the Middle Tocantins Granulite belt (Hasui et al. 1984a) which is part of the 
Porto Nacional Complex (Fig. 4). These granulitic rocks have been interpreted as 
marking a suture zone representing the base of a crustal block that overthrusted the 
basement and supracustal rocks of the Araguaia belt (Costa et al. 1988b and Hasui and 
Costa, 1990). The overthrust block is known as the Porangatu and/or Brasilia block and 
lies on the east side of the presumed suture zone. The overthrusted block, named the 
Araguacema block, lies to the west of the granulitic rocks and has been interpreted as 
part of the Amazonian Craton (Hasui and Haralyi, 1985; Costa, 1985 and Costa et al., 
1988b). This tectonic configuration suggests an ensialic evolution for the Araguaia belt 
(Costa, 1985, Hasui and Costa, 1990; Abreu, 1990).
The age of structural development of the Araguaia belt has been disputed for many
years. Divergent opinions have been generated because the available geochronologic data 
are sparse, inconsistent and unsystematically collected. As a consequence, they have been 
the subject of different geologic interpretations. Most of the investigations consider that 
the fold belt was formed about 600 Ma ago during the Brasiliano thermo-tectonic event 
(Hasui et al„ 1977; Macambira, 1983; Souza, 1984; Teixeira, 1984; and Dall'Agnol et 
al., 1986). However some publications assign a Middle Proterozoic age (Hasui et al. 
1980; Hasui et al. 1984a and Costa 1985), or even an Early Proterozoic age (Cunha et 
al.; 1981; Hasui and Costa, 1990)) for the formation of the Araguaia belt.
Dome-like structures, which are aligned in a N-S direction, are associated with
the highest grade metamorphic rocks in the eastern part of the Araguaia belt (Fig. 4). 
These structures define doubly plunging anticlines, the cores of which contain 
orthogneisses interpreted as part of the basement rocks of this belt. The orthogneisses 
have been grouped in two different lithostratigraphic units, the Colm6ia Complex (Costa, 
1980) and Cantao Gneiss (Souza, 1984).
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The gneissic rocks grouped in the Colm6ia Complex have a trondhjemitic, tonalitic 
and granitic composition and are thought to be Archean in age (Hasui et al., 1980; 
Dall'Agnol et al.,1988; Costa et al. 1988a and Hasui and Costa, 1990). However, Rb-Sr 
whole rock isochron ages range roughly between 1.8 and 2.6 Ga (Hasui et al., 1980; 
Macambira, 1983). These ages have been interpreted as resetting ages during at least 
two different thermo-tectonic events.
A conspicuous augen gneiss with microcline porphyroclasts has been named the 
Cantao gneiss. The Rb-Sr whole rock isochron age of 1.77 Ga for this rock may 
represent a  resetting age or, more probably, the age of crystallization of the protolith of 
the gneissic rock (Souza, 1984). The relationship of the Cantao Gneiss as a distinct 
lithostratigraphic unit among the basement rocks of the Araguaia belt is another point of 
dispute among the different people working in this belt. Although Souza (1984), Souza 
et al. (1985) and Dall'Agnol et al. (1988) have described the Cantao Gneiss as a distinct 
and younger lithostratigraphic unit intrusive into the gneissic rocks of the Colm6ia 
Complex, this augen gneiss has been considered as part of the Colmdia Complex by other 
investigators (Costa et al., 1988c; Herz et al., 1989 and Hasui and Costa, 1990).
Many basic questions concerning the geologic evolution of the Araguaia belt and its 
basement rocks are still not answered, or are in dispute. Many of these questions may be 
answered by the application of a systematic geochronologic study of the basement and 
supracrustal rocks of the Araguaia belt. Actually, the lack of useful geochronologic data, 
obtained by more powerful geochronologic systems, has motivated the endless disputes 
concerning the age and the geologic evolution of the Araguaia belt and its basement 
orthogneisses.
This work reports the results of geochronological and geochemical studies of the 
orthogneisses grouped in the basement rocks of the Araguaia belt with the main goals of 
determining the age of formation and the geochemical evolution of these rocks. In 
addition, this work is concerned with determining the age of structural development of
8
the Araguaia belt by dating syntectonic granitic rocks associated with the supracrustal 
sequences of this belt.
The nature of the contribution of this study to the knowledge of the geologic 
evolution of the Araguaia belt may be measured by the many points that this work may 
help to clarify. First, it will allow a greater understanding of the stratigraphic 
relationship of the basement gneisses of the Araguaia belt by determining their age, and 
geochemical characteristics. Second, it will provide geochronological and geochemical 
parameters for the comparison of these basement gneisses with gneissic rocks of the 
Amazonian Craton whose structural similarity with the basement gneisses of the 
Araguaia belt has been emphasized by Costa (1985). To determine if the Amazonian 
Craton actually extends underneath the supracrustal rocks of the Araguaia belt is 
fundamental to understanding the evolution not only of this belt, but also of this whole 
crustal segment of the central part of Brazil. Finally, it may clarify the debate about the 
age of formation of the Araguaia belt by constraining the age of the major phase of 
deformation and metamorphism in the belt with the ages of syntectonic granitic bodies 
associated with the supracrustal rocks.
In order to attain these goals, the orthogneisses of the Araguaia belt were studied 
with several different isotopic systems (multi-method approach). Since each isotopic 
system may be affected somewhat differently by the same geological process, it should 
retain differing types of information. In addition to the isotopic investigation, a 
geochemical study involving major and trace elements was undertaken to complement the 
information obtained by the isotopic study, and to provide a better understanding of the 
geochemical evolution of these basement rocks. A knowledge of the geochemical character 
and evolution of the basement gneisses of the Araguaia belt is fundamental for the 
comparison of these basement gneisses with the rocks of the Amazonian Craton or to 
other similar rocks around the world.
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The isotopic systems used in this investigation were U-Pb in zircons, single 
zircon dating by stepwise Pb-evaporation, Rb-Sr analysis of minerals and whole rocks, 
and Sm-Nd in whole rock samples. The first two are appropriate for the determination 
the age of crystallization of the protolith of the orthogneisses. They may also provide 
some information about the metamorphic events that affected these rocks. The whole rock 
Rb-Sr system may give information about the age crystallization of the protolith of the 
orthogneisses, or what is more probable, a resetting age that may represent a given 
thermo-tectonic event, or some irrelevant mixing age. The Rb-Sr systematics of 
minerals will give information about the last metamorphic event in the fold belt. The 
application of the Sm-Nd system in whole rock samples will define the model age of the 
orthogneisses relative to Chondritic Uniform Reservoir (CHUR) or Depleted Mantle 
(DM), and their crustal evolution.
Major element chemical data combined with petrographic analyses permit the 
comparison of the studied rocks with previous work in the Araguaia belt. The 
relationship among the different dome orthogneisses is better understood by using the 
trace element data, and interpreting the REE signature of these gneisses. The trace 
element and the REE data place constraints on the source of the parent magma and the 
mechanism involved in the crystallization of the basement orthogneisses. In addition the 
major and trace element data allow comparison of the orthogneisses of the Araguaia belt 
with the rocks of the Amazonian Craton, and also with other prevalent Archean gray 
gneisses studied around the world.
II- THE GEO LO G IC SETTIN G  O F THE A R A G U A IA  BELT
This section is concerned with the description of the lithostratigrapy of the 
Araguaia belt, as well as a discussion about the magmatism, metamorphism and 
structural evolution of this belt. A short compilation of the lithostratigraphic units of 
the Goids Median Massif, near the southeast part of the Araguaia belt, is also presented in 
order to provide a better understanding of the regional geologic setting of this belt. In 
addition, a summary is given of the geology of the Rio Maria region in the southeastern 
portion of the Amazonian Craton, whose gneissic and granitic rocks will be compared 
later in this study with the basement gneisses of the Araguaia belt.
The Lithostratigraphic Units of the Araauaia Belt and Part of the Goias Median Massif 
A synthesis of the different lithostratigraphic units proposed for the Araguaia belt 
is shown in the Figure 5. The lithostratigraphic units of the Araguaia belt and Goids 
Median Massif here described are those shown in Figure 4, which is based mainly on the 
geologic and tectonic interpretation of this region by Costa (1985), Dall'Agnol et al.
(1988) and Costa et al. (1988 a,b,c).
The basement rocks of the Araguaia belt were separated into three 
lithostratigraphic units: the Colm£ia Complex (Costa, 1980), the Rio do Coco Group 
(Costa et al., 1983) and the Cantao Gneiss (Souza, 1984). The supracrustal sequences 
were combined into the Estrondo and Tocantins groups (Abreu, 1978), and Tucurui 
Group (Matta, 1982). The first two groups were named the Baixo Araguaia Supergroup 
by Abreu (1978). Later, Dall'Agnol et al. (1986), included as a  single unit in this
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Figure 5- Proposed stratigraphic columns for the Araguaia belt
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Supergroup, the serpentinized ultramafic bodies intercalated in the Estrondo and 
Tocantins group and also in some of the basement rocks. Granitic rocks (Costa et at., 
1983; Santos et al., 1964; Bulhdes and Dall'Agnol, 1985) grouped as the Santa Luzia 
Suite (Hasui et al., 1984b), mafic and ultramafic bodies, and the sedimentary rocks of 
the Rio das Barreiras Formation (Hasui et al., 1977) complete the lithostratigraphic 
units of the Araguaia belt. In the Goi&s Median Massif, the only lithostratigraphic units 
described in this work are the Rio dos Mangues Complex, the Matanga Granite and the 
Porto Nacional Complex (Costa et al., 1984).
ColmSia Complex
In the northern segment of the Araguaia belt, gneisses and migmatites crop out in 
the cores of dome-like structures aligned in the north-south direction. These rocks were 
initially reported by Barbosa et al (1966) in the core of the Xambioa and Lontra domes 
(Fig. 4), and were mapped as part of the mica-schists of the supracrustal sequence then 
named the Araxd Series. Puty et al. (1972) separated these gneisses and migmatites 
from the supracrustal sequence as Undifferentiated Precambrian. Silva et al. (1974) 
kept this separation and correlated these rocks with the orthogneisses and migmatites of 
the Xingu Complex in the adjacent Amazonian Craton. However, the absence of a 
structural discordance between the foliation of these basement gneisses and the 
schistosity of the supracrustal sequence (Estrondo Group) made Abreu and Hasui 
(1978) and Abreu et al. (1980) dispute this separation.
These arguments came to an end when Costa (1980) described the presence of a E- 
W foliation in the core gneisses of the Colm6ia dome structure (Fig. 4), which is 
discordant to the N-S regional trend of the supracrustal rocks of the Araguaia belt. In 
addition, Costa reported the presence of two generations of folds whose axes are oriented 
in the E-W direction in these gneisses and which are absent in the rocks of the Estrondo 
Group. At the same time, Hasui et al. (1980) published whole rock Rb-Sr ages of 2.6 Ga
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for the core gneisses of the Colm6ia dome structure, and 1100 Ma and 500 Ma for the 
schists of the Estrondo Group. In this way, the unconformity between the gneisses and the 
supracrustal rocks of the Araguaia belt was characterized both structurally and 
geochronologically. Costa (1980) decided not to correlate these gneissic rocks either 
with the Xingu Complex ( in the Amazonian Craton) or with the Goiano Complex (in the 
Goids Median Massif) due to the lack of physical continuity. Instead, he proposed 
grouping these rocks in a new lithostratigraphic unit named the Colmdia Complex after 
the name of the dome-like structure where this unit was first defined.
The Colmdia Complex as defined by Costa (1980) is made up of migmatitic gneisses 
and granitoids, feldspathic schist intercalated with micaceous quartzite, and 
amphibolites. The gneissic rocks are of granitic, granodioritic and trondhjemitic 
composition (Matta and Souza, 1991). The gneissic rocks exposed in the core of the 
dome-like structures of Xambiod and Lontra (Santos et al., 1984), CocalSndia and Grota 
Rica (Teixeira, 1984) have been correlated with the rocks of the Colmeia Complex.
Costa et al. (1983) extended the Colmeia Complex to the gneissic and migmatitic rocks 
exposed in the south part of the Araguaia belt where they do not occur in the core of 
dome-like structures. These rocks have been previously grouped in the Goiano Complex 
(Cunha et al., 1981)
The Colmeia Complex in the Xambioa and Lontra domes (Fig. 4) is made up of gray 
gneisses with subordinate augen gneisses and amphibolites (Santos et al., 1984). 
Restricted migmatization developing stromatitic, ptygmatic and nebulitic structures has 
also been described, and an associated rock with incipient foliation, made up of 
microcline, albite (An g), muscovite and biotite has been interpreted as a neosome. The
gray gneisses studied by Santos et al. (1984) fit the chemical definition of 
trondhjemites stated by Barker (1979), and the similarities between the chemical 
composition of these gray gneisses with those of the trondhjemitic orthogneisses studied 
by McGregor (1979) and Barker et al. (1979) have been emphasized by Santos and
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coworkers. Based on these comparisons Santos et al. (1984) have concluded that the core 
gneisses of the Xambioa and Lontra domes are orthogneisses originated mainly from 
trondhjemitic rocks and minor amounts of tonalites and granites.
The occurrence of trondhjemitic gneisses in the core of the Grota Rica and 
Cocaldndia dome-like structures (Fig. 4), associated with scattered blocks of granitic 
gneisses and amphibolites, has been reported by Teixeira (1984). He also emphasized 
the presence of quartzo-feldspathic veins associated with the gneissic rocks. Teixeira
(1984) and Teixeira et al. (1985) have reported the similarity between the chemical 
composition of these trondhjemitic gneisses and some Archean trondhjemitic gneisses in 
the world (Barker, 1979), and they suggested both an Archean age and an igneous origin 
for the trondhjemitic gneisses of the Grota Rica and Cocaldndia domes. Teixeira (1984) 
has also identified centimeter scale folding of the gneissic banding whose axial plane 
traces display an E-W trend. As this trend resembles that described by Costa (1980) in 
the Colmdia dome, these rocks have been included as part of the Colmeia Complex.
In the south-southeast segment of the Araguaia belt, Costa et al. (1983) and Hasui 
et al. (1984 b) have described the presence of tonalitic to granitic gneisses, calc- 
silicate gneisses, granitic gneisses with megacrysts of potassic feldspar, and 
subordinate quartzites and amphibolites. Quartz-feldspar-rich layers defining 
stromatitic structures in these gneisses have been interpreted as neosomes generated 
during a migmatization process. These gneissic rocks display a penetrative ENE-WNW 
foliation overprinted by a weaker (non-penetrative) foliation and quartz-feldspar 
neosome both with a  N-S trend, the same as the general trend of the supracrustal rocks 
of the Araguaia belt. This group of rocks has been correlated with the Colmdia Complex 
(Costa et al., 1983 and Hasui et al.,1984b) based on the structural and lithologic 
similarities with the Colm6ia Complex defined by Costa (1980) in the northern segment 
of the Araguaia belt.
A synthesis of the geological and geochemical features of the basement gneisses 
included in the Colmdia Complex, and exposed in the core of the dome structures in the 
northern segment of the Araguaia belt was presented by Dall'Agnol et al. (1988). They 
concluded that these rocks are mainly gneisses of trondhjemitic composition with minor 
amount of granitic gneisses, and rare amphibolites. Based on the geochemical 
similarities among the core gneisses of the Xambiod, Lontra, Grota Rica and Cocaldndia 
domes, they emphasized the proposed correlation among these rocks throughout the belt. 
They also suggested an Archean age for these trondhjemitic gneisses due to the strong 
geochemical similarity between these rocks and the Archean trondhjemites described 
around the world. Recent geochemical studies developed by Matta and Souza (1991) in 
the gneissic rocks of the Colmeia dome have also shown the trondhjemitic nature of these 
gneisses and their similarity with the core gneisses of the other dome-like structures.
There are no geochemical studies in the gneissic rocks of the Colmeia Complex in 
the south segment of the Araguaia belt, so it is not known if they also have the 
characteristic trondhjemitic composition presented by the core gneisses of the dome 
structures. However, one can not rule out the possibility that the tonalitic gneisses 
described in this area may also have this trondhjemitic character. Thus far, the E-W 
trend displayed by the tectonic structures provides the major argument for grouping 
these gneissic rocks in the Colmdia Complex.
Rio do Coco Group
The volcanic-sedimentary sequence exposed in a small area in the southeast of the 
city of Paraiso do Norte (Fig. 4), was described by Barreira and Dardene (1981) as the 
Rio do Coco Volcano-Sedimentary Sequence, and Rio do Coco Group by Costa et al.
(1983). This sequence unconformably overlies the Colmdia Complex and it is covered by 
the supracrustal sequences of the Araguaia belt. It has been interpreted as an Archean 
greenstone belt (Barreira and Dardene, 1981; Costa et al., 1983 and Costa, 1985). The
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Rio do Coco Group includes a lower sequence of pelitic and chemical metasediments, and 
an upper sequence of feldspathic schists and amphibolites.
Costa (1985) has described the main petrographic constituents of the Rio do Coco 
group as quartz mica schist with or without garnet, quartz-feldspathic rocks with bands 
of pyrite or arsenopyrite, serpentinites, talc schists, tremolite-chlorite schists, 
chlorite schists, actinolite schists, and intercalations of BIF and ferruginous chert in the 
metapelites and meta-ultramafic rocks. Intercalations of amphibolites in this sequence 
have also been reported by Barreira and Dardene (1981). This volcano-sedimentary 
sequence defines a synformal structure with a N-S trend with the metasediments located 
mainly in the center of this structure. The schistosity in the metasediments has a E-W 
trend which is parallel to the axial surface of the intrafolial folds of the primary 
layering (Costa, 1985).
Rio dos Manaues Complex
Costa et al. (1983) have suggested the name of Rio dos Mangues Complex for the 
gneisses and migmatites cropping out in the southeast region of the Araguaia belt (Fig.
4). It is important to emphasize that these rocks are exposed in the so-called Goids 
Median Massif and had been grouped in the Goiano Complex (Cunha, 1981). The Rio dos 
Mangues Complex is composed mainly of quartzites, garnet quartzites, tonalitic gneisses 
and calc-silicate gneisses, amphibolites and minor mica schist Costa et al. (1983). 
These rocks show a N30°E foliation which is different from the ESE-WNW foliation 
reported in the adjacent Colmeia Complex. A faulted contact between these two complexes 
was assumed by Costa et al. (1983).
Later, Costa (1985) recognized a transitional zone between the Colmeia and Rio 
dos Mangues complexes, where the NE trend displayed by the latter would become less 
penetrative toward the west and the ESE-WNW trend defined in the Colmdia Complex 
would be more clearly observed. Costa (1985) has also recognized some similarity
between the lithologies of the Colmdia and Rio dos Mangues complexes. He stated that the 
basic difference between these two complexes is in the higher amount of supracrustal 
rocks, and a superposed deformation generating the strong NE trending foliation in the 
Rio dos Mangues Complex. Costa (1985) has suggested that the ESE-WNW trend was 
overprinted by the later NE trending foliation which he has related with the thrusting of 
the Brasflia block, in the west, over the Araguacema block, in the east. Recently, Hasui 
and Costa (1990) suggested including the gneissic rocks of the Rio dos Mangues Complex 
in the Colmdia Complex, and the metasedimentary rocks in the supracrustal sequence of 
the Araguaia belt. However, due the lack of geochemical, geochronologic and detailed 
geologic studies supporting this suggestion, in this work the name Rio dos Mangues 
Complex is used in the sense of Costa et al (1983), Costa (1985) and Costa et al 
(1 9 8 8 a , c).
Monte Santo Suite
A few small bodies of nepheline syenite gneiss, not represented in the Figure 4, 
have been recognized in the southern segment of the Araguaia belt. Hasui et al. (1984b) 
have proposed the name Monte Santo Suite for these gneissic rocks after the name of a 
small village, northwest of the town of Parafso do Norte, where the best exposures of 
these nepheline syenite gneisses may be found. In this area the nepheline syenite gneiss 
occurs in a small antiformal structure inside the rocks of the Estrondo Group. It has an 
oval shape (5.0 km x 3.5 km) and the longer axis trends N-S (Costa et al„ 1983). The 
foliation given by the orientation of the biotite and amphibole or by felsic bands 
(nepheline + feldspars) alternating with mafic bands (biotite and/or amphibole) trends 
E-W and dips 20°N (Costa et al., 1983 and Costa et al, 1988c). The nepheline syenite 
gneiss near Monte Santo village has been interpreted as an intrusive body in the Colmeia 
Complex (Costa, 1985), and forms imbricated lenses in the metasediments of the 
Estrondo Group (Costa et al. 1988c).
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Other nepheline syenite gneiss occurrences were reported at Estrela ridge, about 
30 km south-southeast of Parafso do Norte. This body has a tabular shape (13 km x 0.5 
km) and trends N20°E, with NNE foliation (Costa et al. 1983 and Hasui et al., 1984b). 
Although these rocks form an imbricated structure within the rocks of the Rio dos 
Mangues Complex (Costa et al. 1988a,b), they are believed to have intruded this 
complex (Costa, 1985).
Matanya Granite
The highly deformed granitic rocks exposed between the Rio dos Mangues and Porto 
Nacional Complex (Fig. 4), have been named the Matanga Granite by Costa et al. (1983). 
The characteristic feature of this unit is the presence of microcline crystals, up to 7 cm 
of length, stretched and oriented in the same direction as the mylonitic foliation which 
trends N15°-30°E and dips 35°SE (Costa et al. 1983). This foliation is formed by a 
medium- to coarse-grained matrix, and is defined by the alternation of quartz-feldspar 
rich bands with biotite-rich bands. Plagioclase porphyroclasts are also locally present, 
surrounded by recrystallized quartz ribbon and crystals of biotite and hornblende 
(Costa, 1985).
This granitoid rock was tentatively dated by whole rock Rb-Sr systematics without 
any success (Costa, 1985). The six data points used in the isochron diagram showed a 
great deal of scatter and did not allow any conclusive age determination. This scatter was 
attributed to isotopic disequilibrium related to the event that produced the mylonitic 
foliation. An age of 496±10 Ma, obtained using only three points, was interpreted as the 
age of an isotopic re homogenization during a thermo-tectonic event which was not 
clearly specified. Costa (1985) has suggested that the Matan^a Granite is intrusive into 
the Rio dos Mangues Complex and was involved in the low angle ductile shear event, 
related with the overthrust of the Brasilia block on the Araguacema block. Costa (1985)
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suggested that this collision took place in the Archean, therefore he believes that the 
Matanga Granite was emplaced during the Archean.
Porto Nacional Complex.
The high grade metamorphic rocks of the Mddio Tocantins Granulite belt (Hasui et 
al. 1984a) exposed in the Goids Median Massif, were grouped by Costa et al. (1984) in a 
lithostratigraphic unit named Porto Nacional Complex (Fig. 4). The main constituents 
are mafic granulites, alkali charnockite, kingzigites and minor amounts of anorthositic 
gneisses. The mylonitic character of most of these rocks has been emphasized by Costa
(1985) and Hasui and Costa (1990) who reported the presence of mortar texture in the 
enderbites, and augen of plagioclase surrounded by stretched crystals of hypersthene, 
diopside and hornblende in the mafic granulites. These textural features, and certain 
mineral transformations such as hypersthene and diopside to gedrite, hornblende, 
anthophyllite and sometimes tremolite-actinolite in the mafic granulites, have been 
suggested to be due to the transformation of pre-existenting high grade rocks as a result 
of non-coaxial shear related with the oblique collision of the Brasilia crustal block with 
the Araguacema block (Hasui and Costa, 1990). Therefore, these granulitic rocks have 
been interpreted as a suture zone representing a piece of the lower crust of the 
overthrusted Brasilia block (Costa, 1985; Costa et al., 1988a,b; Hasui and Costa, 
1 9 9 0 ).
Cantao Gneiss
The geologic mapping by Souza (1984) in the Araguaia belt has shown that an 
homogeneous augen gneiss, predominantly of monzogranitic composition, crops out in the 
interior of the dome-like structures of Cantao, Rio Jardim and Cunh§s as well as  in 
adjacent regions where this domal configuration is absent (Fig. 4). This rock has been 
named Cantao Gneiss. The petrographic varieties described include hornblende-biotite
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granodioritic gneiss, biotite monzogranitic gneiss, muscovite-biotite monzogranitic 
gneiss, and muscovite-biotite syenogranitic gneiss. Magmatic differentiation has been 
suggested as the mechanism generating the protoliths of these petrographic types. 
Consanguinity among these rocks has been assumed based upon an alignment of the 
experimental points on the Rb-Sr isochron diagram (Souza, 1984; Souza et al., 1985 
and Dall'Agnol et al., 1988). A Rb-Sr whole rock age of 1774±31 Ma presented by 
Souza (1984) is assumed to be, with precautions, the age of crystallization of the 
protolith of the Cant&o Gneiss.
The striking characteristic of the Cantao Gneiss is the augen structure defined by 
deformed microcline porphyroclasts (up to 3 cm in length) immersed in a foliated 
matrix of oriented, fine to medium grained crystals of quartz, microcline, plagioclase 
and micas (Souza et al. 1985). This foliation has a N-S trend, but it may change its 
direction in the margins of the dome structures where the foliation adjusts itself to the 
shape of the domes. Dall'Agnol et al. (1988) have suggested that the foliated granitoids, 
with augen, reported in Lontra and Colmdia dome structures may possibly be part of the 
Cantao Gneiss, but there are no concrete geological data to support this suggestion.
The Cantao gneiss is considered to be a part of the basement rocks of the the 
Araguaia belt but intrusive into the Colmdia Complex, This interpretation is supported 
by the Rb-Sr Middle Proterozoic age obtained for this augen gneiss, by its conspicuous 
petrographic and geochemical character, and also by the fact that the Cantao Gneiss does 
not show the earlier E-W foliation present in the trondhjemitic gneisses of the Colmdia 
Complex (Souza, 1984; Souza et al., 1985 and Dall'Agnol et al., 1988). Nevertheless, 
this stratigraphic interpretation is not widely accepted and, in some investigations, the 
Cantao Gneiss has still been considered as part of the Colmdia Complex (Costa et al., 
1988; Hertz et al., 1989 and Hasui and Costa, 1990).
In the south segment of the Araguaia belt, southwest of the town of Parafso do 
Norte, (Costa et al. 1983) and Hasui et al. (1984b) have described another occurrence
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of an augen gneiss intrusive into the Colmdia Complex . This rock, named Serrote 
Granite, has been interpreted as contemporaneous with the Archean thermo-tectonic 
event that formed the Colmdia Complex (Costa et al.,1983). Porphyroclasts of 
microcline (up to 3 cm in length), quartz (up to 2 cm) and rare plagioclase define an 
augen structure with a foliated matrix of biotite, amphibole and secondary muscovite in 
this gneissic rock. This whole set, megacrysts and matrix, has been interpreted as a 
mylonitic foliation which trends N40°-60°E (Costa et al. 1983 and Hasui et al.,
1984b). Although the Serrote Granite may have some petrographic and textural 
characteristics that resemble those of the Cantao Gneiss, the possible relationship 
between these two units can not be addressed without further geological and geochemical 
investigation of the Serrote Granite.
Baixo Araauaia Supergroup
The first regional geologic survey in the Araguaia belt was carried out by Barbosa 
et al. (1966). They divided the supracrustal rocks into two sequences, the Tocantins and 
AraxA Series. They named the phyllites, quartzites, graywackes and limestones 
previously described by Moraes Rego (1933) that occur in the west side of the belt, the 
Tocantins Series. The mica schists and intercalated quartzites that occur in the east side 
of the Araguaia belt were grouped in the Araxd Series. This name was taken from the 
south-central region of Brazil where the Araxd Series was originally defined. The mica 
schists and quartzites described in this region were correlated by Barbosa et al. (1966) 
with those occurring on the east side of the Araguaia belt. The names Araxd and Tocantins 
were kept in the subsequent geologic investigations in the Araguaia belt, however the 
lithostatigraphic terminology Group was adopted as a substitute for Series (Almeida, 
1968, Puty et al., 1972; Silva et al., 1974).
Hasui et al. (1975) argued that the name Araxd Group should not be applied for the 
mica schists and quartzites of the Araguaia belt, since the structures in these rocks have
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a westward vergence while in the Araxd Group, in the south-central Brazil, the vergence 
of the structures is eastward. They have also emphasized that the metamorphic grade in 
the Araguaia belt decreases from east to west, while the opposite direction is reported 
for the Araxd Group in the south-central Brazil. In addition, these two regions described 
as the Araxd Group are separated by the polymetamorphic rocks of the Goids Median 
Massif. Thus, Hasui et al. (1975) proposed the name Estrondo Group for the mica 
schists and quartzites of the Araguaia belt.
Since then, different lithostratigraphic terms have been suggested for the 
supracrustal rocks of the Araguaia belt. Hasui et al. (1977) used the name Pequizeiro 
and Couto Magalhaes formations for the rocks formerly considered as the Tocantins 
Group. In addition they used the name Estrondo Formation instead of Estrondo Group and 
grouped these three formations in the Baixo Araguaia Group. Abreu (1978) proposed 
raising the Baixo Araguaia Group to Supergroup category and divided it in the Estrondo 
Group and Tocantins Group. In the Estrondo Group, he defined the Morro do Campo and 
Xambiod formations and, in the Tocantins Group, he included the Pequizeiro and Couto 
Magalh§es formations. Later, Costa (1980) included the Canto da Vazante Formation in 
the Estrondo Group.
The lithostratigraphic column proposed by Abreu (1978) for the supracrustal 
rocks of the Araguaia belt has been adopted, with minor modifications, in the subsequent 
geologic investigations carried out in this belt (Costa, 1980; Gorayeb, 1981; Cunha et 
al. 1981, Costa et al. 1982; Costa et al. 1983; Macambira, 1983, Santos, 1983; Souza, 
1984; Teixeira, 1984; Costa, 1985; Dall'Agnol et al, 1988 and Herz et al. 1989). The 
recent lithostructural interpretations of the Araguaia belt presented by Hasui and Costa 
(1990) may start a new debate regarding the stratigraphy of the supracrustal rocks of 
this belt. They considered the rocks of the Canto da Vazante and Pequizeiro formations as 
part of the sam e lithostratigraphic unit, which they called Pequizeiro Group. In addition, 
Hasui and Costa (1990) suggested that the rocks of the Morro do Campo, Xambiod and
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Couto Magalhaes formations are also part of the same lithostratigraphic unit, which they 
named Estrondo Group. These two groups wore also assembled in the Baixo Araguaia 
Supergroup.
The proposal of Hasui and Costa (1990) is based mainly on lithologic and recent 
structural interpretations developed in the south segment of the Araguaia belt. On the 
other hand, the lithostratigraphic column of Abreu (1978), defined initially in the 
north segment of the Araguaia belt, considers the lithologic, structural data and chiefly 
the metamorphic grade of the supracrustal sequence. In this study, the Baixo Araguaia 
Supergroup is described as it was defined by Abreu (1978), and as it has been widely 
used in the recent literature since this investigation is concentrated mainly in the north 
segment of the Araguaia belt. In addition, the recent lithostratigraphic proposal of Hasui 
and Costa (1990) still must be tested in other areas along the Araguaia belt in order to 
demonstrate its validity.
The Estrondo Group - The Estrondo Group lies in the eastern part of the Araguaia 
belt (Fig. 4), and is divided into the Morro do Campo (lower) and Xambio£ (upper) 
formations. The Morro do Campo Formation occurs principally surrounding the gneissic 
domes, and defines the shape of the dome structures. However in the south segment of the 
Araguaia belt, in the Paraiso do Norte region, the Morro do Campo Formation has a  
significant areal distribution and the outcrops are not related to the dome structures. In 
the flanks of the Xambiod and Lontra domes, the Morro do Campo Formation is made up of 
quartzites with intercalations of mica schists (Abreu, 1978). In the Cantao dome, Souza 
(1984) has described, from bottom to top, quartzite, muscovite-quartz schist, and 
graphite-biotite-muscovite quartzite. Quartzite with magnetite and quartzite with 
plagioclase, besides the other lithologies formerly reported by Souza (1984), have been 
described by Teixeira (1984) in the flanks of the Grota Rica dome. In the Parafso do 
Norte region, the Morro do Campo Formation is approximately 650 m thick and is made
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up, from bottom to top, of metaconglomerate, quartzite, feldspathic schist, quartz-mica 
schist, kyanite schist, muscovite quartzite, graphitic schist, garnet-staurolite-kyanite 
schist, and mica-quartz schist (Costa et al. 1983).
The Xambiod Formation crops out in a N-S direction, and has a much larger areal 
distribution in the Araguaia belt than the Morro do Campo Formation. In the regions of 
the Xambiod and Lontra domes, the Xambiod Formation is made up of mica schist with 
garnet, feldspathic schist and gneisses (Abreu et al., 1978). Souza (1984) stated that 
the Xambiod Formation is represented basically by plagioclase-quartz-mica schist, with 
variable amounts of garnet and epidote and minor microcline and calcite in the Estrondo 
ridge region, near the Cantao dome (Fig. 4). Calc-schist and marbles may form lenses 
inside the mica schist or may be near the contact with the Morro do Campo Formation. 
Teixeira (1984) reported essentially the same kind of rocks cropping out in the 
Cordilheira ridge area, near the Cocaldndia and Grota Rica domes (Fig. 4), but he 
described the presence of staurolite and kyanite associated with the mica schist.
In the Colmdia dome region (Fig. 4), Costa (1980) described the main lithologic 
types of the Xambiod Formation as staurolite-biotite schist, muscovite-quartz schist and 
biotite schist. He reported an accessory presence of plagioclase and calcite. Quartz-mica 
schist with garnet and minor hornblende are the major constituent of the Xambioa 
Formation in the Parafso do Norte region. Minor intercalations of mica schist and 
graphitic schist were also reported in this area. Several amphibolite bodies occurring as 
lenses inside the schists of Xambiod Formation have been reported along the belt 
(Costa,1980; Costa et al., 1983; Macambira, 1983; Teixeira, 1984 and Souza, 1984)
The Canto da Vazante Formation was described in the Colmeia dome region and 
overlies the Xambiod Formation (Costa, 1980). The Canto da Vazante Formation is made 
up of feldspathic schist intercalated with quartzite and biotite. schist. The main criteria 
used by Costa (1980) to discriminate the Canto da Vazante from the Xambioa Formation 
was the higher feldspar content of the former. The Canto da Vazante Formation has not
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been recognized in other investigations in the northern segment of the Araguaia belt. 
Initially, this formation was not recognized in the Parafso do Norte region (Costa et al.,
1983). However, Costa et al. (1988c) referred to the metasediments enclosing the 
Santa Luzia Granite as part of the Canto da Vazante Formation. Later, Hasui and Costa 
(1990) proposed incorporating the supracrustal rocks of the Rio dos Mangues Complex 
in this Formation.
The Tocantins Group - The Tocantins Group lies in the west part of the Araguaia 
belt (Fig. 4) and has been divided into the Pequizeiro and Couto Magalhaes formations. 
Abreu (1978) considered the Couto Magalhaes Formation as the lower lithostratigraphic 
unit, however, Gorayeb (1981) suggested an inversion in the stratigraphic position of 
these two formations. The Pequizeiro Formation is composed mainly of chlorite- 
muscovite schists and minor intercalations of phyllite and quartzite. Locally, the 
presence of calc-schist has been reported (Gorayeb, 1981). The metamorphic grade 
decreases progressively from the mica schists of the Xambiod Formation to the chlorite 
schists of the Pequizeiro Formation ( Silva, 1980 and Gorayeb, 1981). No significant 
structural changes has been recognized between these two formations (Costa, 1980).
The chlorite schists of the Pequizeiro Formation have been interpreted as 
representative of an important mafic magmatism during the extensional stage of the 
formation of the Araguaia belt (Hasui et al., 1981 and Hasui et al., 1984a). However, 
the chemical composition of the chlorite schists of the Pequizeiro Formation are 
somewhat similar to those of the mica schists of the Xambiod Formation, and very 
different from any metamorphosed mafic rock (Gorayeb,1981). Thus, the suggested 
significant volcanic contribution for the constitution of the Pequizeiro Formation is not 
corroborated by the geochemical data.
The Couto Magalhaes Formation is situated in the west side of the Tocantins Group 
and rests unconformably on the rocks of the Amazonian Craton. This Formation is
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dominated by phyllite and slate and minor amounts of metagraywackes, quartzite, 
metachert, carbonaceous phyllites, metalimestones and metapelitic rocks. Primary 
sedimentary structures are preserved in most of the rocks (Gorayeb, 1981)
Metamorphosed Ultramafic Rocks
Meta-ultramafic bodies have been described in the Araguaia belt associated with 
both the basement rocks and the supracrustal rocks. The size and number of these bodies 
increase from the basement rocks into the Estrondo Group and from this unit toward the 
Tocantins Group (Dall'Agnol et al., 1986 and Gorayeb, 1989). The ultramafic bodies are 
emplaced as  lenses in the supracrustal rocks forming small elongated ridges, up to 
150m high, parallel to the general N-S trend of the supracrustal rocks. The average 
dimension of these bodies is about 8 km long by 2-3 km wide. The biggest ultramafic 
body which occurs at the Quatipuru ridge, is 40 km long and 1 km to 3 km wide. Gorayeb
(1989) suggested that an apparently single ultramafic body may in fact be formed by 
several smaller ultramafic lenses looking like a regional "boudin".
The most impressive occurrences of the meta-ultramafic bodies are found in the 
low grade metamorphic rocks of the Couto Magalhaes Formation. The geologic contacts of 
the ultramafic rocks with the rocks of this Formation are sharp and without any 
evidence of thermal metamorphism (Gorayeb, 1989). In the Quatipuru massif, Cordeiro 
and McCandless (1976) reported the presence of breccia in both lower and upper 
contacts. Gorayeb (1989) also recognized a brecciated contact in some ultramafic bodies 
and described the foliation of the metamorphosed ultramafic rocks as concordant with the 
foliation of the phyllites of the country rock. He suggested a tectonic emplacement for the 
ultramafic rocks.
The main lithologic types of the ultramafic bodies are serpentinized peridotites and 
dunites, serpentinites, chromitites and several metamorphosed ultramafic rocks such as 
tremolite-actinolite schist, steatite, talc schist and chlorite schist (chloritites).
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Mylonitic serpentinites, tourmalinite, and siliceous rocks are locally present (Gorayeb, 
1989). These ultramafic bodies also display a lithologic zoning. Massive serpentinites 
and chromitites are in the central portion of the bodies, and are surrounded by foliated 
metamorphosed ultramafic rocks with tremolite-actinolite, talc or chlorite (Gorayeb, 
1989). Despite the extensive metamorphic and metasomatic transformations in these 
ultramafic rocks, Gorayeb (1989) suggested the protolith as harzburgitic peridotites 
with minor dunites and chromitites.
Tucurui Group
The Tucurui Group has been recognized in the northern most part of the Araguaia 
belt (Fig. 4). In the west side it overlies unconformably the rocks of the Amazonian 
Craton. On the east, this Group is overthrust by the metamorphic rocks of the Couto 
Magalhaes Formation. The rocks of the Tucurui Group are part of the Tocantins Series of 
Moraes Rego (1933) who named them Alcobaga Arenite. Trow et al. (1976) suggested 
the name Tucurui Formation, and interpreted it as part of the Tocantins Group. However, 
Hasui et al. (1977) nd Hasui et al. (1984a) have correlated this Formation with the 
Middle Proterozoic Gorotire Formation in the Amazonian Craton. Dall'Agnol et al.,
(1986) considered that the Tucurui Group has an undefined stratigraphic position.
The name Tucurui Group was proposed by Matta (1982) who divided it into the 
Caraipd (lower) and Morrote (upper) formations. The Caraip6 Formation is composed of 
meta-arenites, slates and, intercalations of metagraywackes and basalt flows. The 
Morrote Formation is made up of metaconglomerates, with graywackey matrix and 
pebbles of basalt, which grades upward to fine grained metagraywackes. Trow et al.
(1976) described the very low grade metamorphism which affects these rocks.They 
stated that this metamorphic grade decreases from bottom (Caraip6 Formation) to top 
(Morrote Formation) of the sequence. However, Matta (1982) considered that the 
mineral and textural transformations, observed especially in the basaltic rocks, are due
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to hydrothermal alterations related to the Tucurui Fault, that thrust the rocks of the 
Couto Magalhaes Formation over those of the Tucurui Group.
Santa Luzia Suite
The granitic rocks exposed in the south segment of the Araguaia belt and emplaced 
in the supracrustal sequences of this belt, have been grouped as the Santa Luzia Suite 
(Hasui et al., 1984b). These granitic rocks are correlated with those occurring in the 
north segment of the Araguaia belt in the Colmeia and Xambiod dome regions (Costa, 
1985). Thus, the name Santa Luzia Suite is adopted here to describe all the reported 
granitic rocks, associated with the supracrustal rocks, along the Araguaia belt. In 
general, these granitic rocks form small, rounded to elliptical granitic stocks emplaced 
in the rocks of the Estrondo Group. These granitic bodies are not represented in the 
Figure 4 due to scale limitations.
In the Parafso do Norte region, Costa et al. (1983) reported some occurrences of 
granitic rocks (1-10 km diameter), emplaced in the rocks of the Estrondo Group. The 
biggest of these is the Santa Luzia Granite, made up of granite and granodiorite. This body 
is massive in the center, but is foliated at the edge. Xenoliths of the country rocks 
(schist) are present and the country rock has been invaded by both concordant and 
discordant aplitic and pegmatitic veins (Hasui et al., 1984b). The emplacement of the 
granitic rock of the Santa Luzia Suite has been interpreted by Hasui and Costa (1990) as 
contemporaneous with the regional low angle ductile shear event that led to the formation 
of the Araguaia belt.
The Presidente Kennedy Granodiorite, which occurs to the east of the Colm6ia dome 
(see Fig. 11), is the best studied occurrence of the Santa Luzia Suite (Bulhdes and 
Dall'Agnol, 1985). It is made up of two small bodies (6 km2 in area) intrusive into the 
core of antiformal structures in the feldspathic schists of the Canto da Vazante 
Formation. The composition of the Presidente Kennedy pluton varies from monzogranite
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to granodiorite. These rocks are homogeneous and, show foliation at their margins. The 
presence of peristerite, reversed zoning of the plagioclase, and recrystallization 
textures led Bulhdes and Dall'Agnol (1985) to suggest that these igneous rocks were 
subjected to deformation under low grade metamorphism, since the original igneous 
texture was not obliterated.
Another small body of granitic rock in the core of a small dome structure in the 
east side of the Lontra dome, has been reported by Macambira (1983). This rock as well 
those of the Presidente Kennedy Granodiorite have their origin in crustal anatexis 
processes during the peak of metamorphism that affected the Baixo Araguaia Supergroup 
(Dall'Agnol et al., 1988).
Rio das Barreiras Formation
The presence of conglomeratic rocks resting unconformably on the supracrustal 
rocks of the Araguaia belt has been described by Guerreiro and Silva (1976) who name 
them the Rio da Barreiras Conglomerate. Later, Hasui et al. (1977) renamed them the 
Rio das Barreiras Formation (Fig. 4). This Formation is made up of polymictic 
conglomerates with elongated pebbles of chlorite schist, crenulated phyllite, quartzite, 
quartz and brecciated chert. The matrix is clayey-sandstone with abundant carbonate 
cement.
The age of this conglomerate is still unknown. Barbosa et al. (1966) described 
this rock as part of the Carboniferous sedimentary rocks of the Piauf Formation in the 
Parnaiba Basin. However, due to the low degree of compaction and cementation of this 
conglomerate Guerreiro and Silva (1976) suggested that they may have been deposited 
during the Tertiary period. Hasui et al. (1977) suggested that the Rio das Barreiras 
Formation may be older than the sedimentary rocks of the Parnaiba Basin because the 
conglomerate is composed only of pebbles of the supracrustal rocks of the Araguaia belt.
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The Rio das Barreiras Formation has been interpreted by Abreu (1978) as 
remnant immature sedimentary rocks that filled a narrow elongate basin formed during 
the uplift of the Araguaia belt. He suggested that this rock was deposited during the end 
of the Brasiliano Cycle. Dall’Agnol et al (1986) considered that this Formation was 
deposited in aligned basins forming small grabens, isolated from the Pamafba Basin. Due 
to the absence of pebbles of the sedimentary rocks of the Pamafba Basin they also 
considered that the deposition of the Rio das Barreiras Formation predates the formation 
of the Pamafba basin.
Mafic and Ultramafic Rocks
Diabase dikes and small gabbro stocks (400m in diameter) cut across the 
basement and supracrustal rocks of the Araguaia belt. The diabase dikes trend NNW and 
N-S, are several kilometers long, and up to 100m wide. The gabbro and leucogabbro 
stocks produce a small thermal contact aureole in the country rocks. In addition to the 
mafic rocks, small bodies of dunite, peridotite and hornblendite are rarely distributed in 
the Araguaia Belt. (Cunha et al., 1981 and Costa et al. 1983). These mafic and 
ultramafic rocks are not metamorphosed and are considered to have intruded the units of 
the Araguaia belt after the deformation and metamorphism of the supracrustal sequence. 
The age of the mafic rocks, determined by K-Ar in mineral techniques, ranges between 
495 Ma and 225 Ma (Almaraz, 1967). The older ages have been interpreted as 
magmatism related to the final stages of the Brasiliano Cycle, while the younger ages are 
thought to be related to Middle Triassic basaltic volcanism in the Pamafba Basin.
Magmatism
Several magmatic events may be identified in the basement rocks of the Araguaia 
belt. The orthogneisses of the Colmeia Complex, the volcanic rocks of the Rio do Coco 
Group, the Cantao Gneiss, and the nepheline syenite gneisses of the Monte Santo Suite are
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some of the rocks that indicate the existence of magmatic events prior to the structural 
development of the Araguaia belt. The supracrustal sequence of the Araguaia belt were 
interpreted, initially, as having a major volcanic contribution (Hasui et al., 1977 and 
Abreu, 1978), however later investigations discarded this hypothesis (Gorayeb, 1981, 
Teixeira, 1984 and Dall'Agnol et al., 1986). A few magmatic rocks have been recognized 
associated with the supracrustal sequence of the Araguaia belt. The most important 
occurrences are the granitic bodies grouped in the Santa Luzia Suite, the belt of 
serpentinized ultramafic rocks and the basalts of the Tucurui Group. Minor syntectonic 
amphibolitic bodies and post-tectonic mafic and ultramafic rocks are also associated 
with the supracrustal sequence of this belt.
The orthogneisses of the Colm6ia Complex are probably the testimony of the oldest 
magmatic basement rocks of the Araguaia belt. The actual age of crystallization and 
emplacement of the igneous protolith is not known yet, but two facts suggest an Archean 
age for these rocks: 1) the predominance of trondhjemitic gneisses geochemicaliy 
similar to the Archean trondhjemites (Santos et al.,1984; Teixeira et al.,1985 and 
Dall'Agnol et al.,1988); and 2) the 2.6 Ga Rb-Sr whole rock age for the orthogneisses of 
the Colm6ia dome that probably records the minimum age of the tectono-metamorphic 
event that affected these rocks in the Late Archean (Hasui et al., 1980).
The volcano-sedimentary rocks of the Rio do Coco Group has been interpreted as a 
typical Archean greenstone belt developed during the rifting of the sialic crust, the 
Colm6ia Complex (Barreira and Dardene,1981 and Costa, 1985). This volcanic sequence 
is made up mainly of mafic and ultramafic rocks, indicated by the presence of their 
metamorphic equivalents as amphibolites, serpentinites, talc-chlorite schists and 
actinolite schists. The Rio do Coco Group and the Colm6ia Complex show the same E-W 
trending foliation, therefore this volcanic event predates 2.6 Ga which is the minimum 
age for the Late Archean tectono-metamorphic event that affected both units.
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The protolith of the Cantao Gneiss is thought to represent a Middle Proterozoic 
intrusion in the orthogneisses of the Colm6ia Complex (Souza, 1984; Dall'Agnol et 
al.,1988). This plutonic body is mainly of monzogranitic composition associated with 
minor granodiorites and syenogranites. A Rb-Sr whole rock age of 1774±41 Ma has 
been interpreted as the age of crystallization of the igneous protolith (Souza, 1984). 
The initial 87 g r/8 6 s r ratj0 Gf 0.7065±0.0011 suggested the partial fusion of crustal 
rocks as the source of this magma, which is thought to represent l-type magmatism 
(Souza et al., 1985).
Alkaline intrusion in this old crustal region is indicated by the nepheline syenite 
gneisses of the Monte Santo Suite. This magmatic event is of uncertain age, but Hasui and 
Costa (1990) proposed that this alkaline magmatism is coeval with the extensional 
phase in the sialic crust that led to the deposition of the supracrustal sequence of the 
Araguaia belt, whose age is not determined yet.
The metamorphosed ultramafic bodies, widespread along the N-S direction of the 
Araguaia belt, were initially related to an intrusive "basic-ultrabasic" magmatism along 
deep sutures which Almeida (1974) named the Tocantins-Araguaia Geosuture. However, 
the absence or scarcity of associated mafic bodies argue against this hypothesis 
(Dall'Agnol et al., 1986 and Gorayeb, 1989). In addition, recent gravimetric 
interpretations suggest that the serpentinites are rootless tabular bodies plunging to the 
east that tend to the horizontal position in subsurface (Carvalho, 1987). Hasui et al.,
(1977) interpreted these serpentinites as an ophiolitic sequence, but as pointed out by 
Dall'Agnol et al. (1986) dioritic and granodioritic rocks typically associated with the 
ophiolitic complex described around the world have not been found so far. Additionally, 
there is no convincing evidence of the existence of oceanic crust in the Araguaia belt.
Gorayeb (1989) proposed that these serpentinites may represent magmatic bodies 
from the mantle, mainly of ultramafic composition, emplaced in the basem ent rocks and 
in the basal units of the Araguaia belt. These bodies were then metamorphosed, deformed
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and tectonically transported to upper crustal levels. This proposition does not explain 
however, the mechanism of emplacement of the ultramafic protolith in the basal units or 
basement rocks of the belt. The origin and age of the ultramafic rocks in the Araguaia 
belt is still an unsolved problem. However, the allocthonous nature of the ultramafic 
rocks associated with the low grade metamorphic rocks of the Araguaia belt seem s to be 
well constrained by the geophysical data (Carvalho, 1987).
Late to syntectonic granitic bodies, associated with the high grade metamorphic 
rocks of the Araguaia belt are representative of the only magmatic event that has been 
related to the structural development of this belt (Macambira, 1983, Costa et al.,
1983, Bulhdes and Dall'Agnol, 1985 and Hasui and Costa, 1990). There are no 
petrologic and geochemical studies that indicate the origin of this granitic magmatism. 
Whole rock and mineral Rb-Sr ages, interpreted as the age of this magmatic event, range 
roughly between 500 and 650 Ma (Hasui et al., 1980; Macambira, 1983 and Dall'Agnol 
et al, 1986). However the isochrons (or errorchrons) present severe limitations due to 
the small number of samples analyzed and/or the poor alignment of the points. The Rb- 
Sr ages are in total disagreement with the structural interpretations that suggest at least 
a Middle Proterozoic age for the metamorphism and deformation Araguaia belt (Hasui and 
Costa, 1990).
The amphibolite bodies associated with the basement and the supracrustal rocks 
indicate the presence of mafic igneous bodies and/or mafic volcanism in the Araguaia 
belt. The small number of these amphibolitic bodies suggest that the contribution of this 
mafic magmatism was not very significant in the formation of the supracrustal sequence 
of this belt. There are not enough data to define either the nature or the age of these 
amphibolites. The available geochemical data indicate that the composition of these 
amphibolites is similar to that of the oceanic tholeiites (Souza, 1984 and Teixeira,
1 9 8 4 ).
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The geological and geochemical studies so far carried out in the mafic volcanic 
rocks of the Tucurui Group do not provide enough information for an understanding of 
their. It is not known if this tholeiitic volcanism (Matta, 1982) is related to the 
metamorphosed tholeiites (amphibolites), or to the post-tectonic mafic dikes and stocks 
present in the Araguaia belt, or even if there is any relationship at all. Dall'Agnol et 
al.(1986) speculated that the volcanic rocks of the Tucurui group could be coeval or 
even genetically tied to the post-tectonic mafic intrusions present in the Araguaia belt, 
chiefly in the Couto Magalhaes Formation.
Post-tectonic magmatism in the Araguaia belt is represented by diabase dikes, 
stocks of gabbros and small ultramafic bodies. K/Ar dates of the mafic rocks give ages 
between 495 and 225 Ma ( Almaraz, 1967). The oldest ages have been related to the 
final magmatism of the Brasiliano Cycle (700-450 Ma), and the youngest to the mafic 
Middle Triassic volcanism of the Parnaiba Basin, which is related with the opening of the 
Atlantic Ocean.
M etamorphism
The regional metamorphic event that affected the Araguaia belt increases gradually 
from incipient in the west to medium to high grade amphibolite facies in the interior of 
the dome structures in the east (Silva, 1980; Gorayeb,1981; Souza, 1984; Teixeira, 
1984 and Dall'Agnol et al., 1986). Metamorphic isograd have been map for index 
minerals in the politic rocks and metagraywackes. In the Tocantins Group the sericite, 
chlorite, and biotite isograds were identified. The biotite isograd is mapped in the 
Estrondo Group as well (Gorayeb, 1981 and Dall'Agnol et al., 1986). These isograds 
trend roughly in the N-S direction. The garnet isograd, recognized in the Estrondo 
Group, involves the Xambiod and Lontra domes as a single set. Closer to these dome 
structures there are incomplete staurolite-kyanite and kyanite isograds around the 
Lontra and Xambiod domes, respectively (Santos et al., 1984).
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This concentric disposition of the isograds near the dome structures is also 
reported in the Colm6ia dome where the garnet (outer) and staurolite (inner) isograds, 
have been identified in the Estrondo Group (Costa, 1980). However, Teixeira (1984) 
studying the Grota Rica and CocalSndia domes region, stated that depending on the 
protolith composition, the garnet may be widespread in the Estrondo Group, and does not 
show necessarily the concentric pattern around the dome structure.
An inversion of the isograd pattern is suggested by Abreu (1990) who reported 
rocks of higher metamorphic grades overlying rocks with lower metamorphic grades in 
the Araguaia belt. This suggestion is based on the fact that the tectonic planar elements of 
the supracrustal sequences of the Araguaia belt dip to the east direction and that the 
isograds display the metamorphic conditions, which increases from west to east.
Based on the presence of kyanite and the absence of jadeite, andalusite and 
cordierite in the Estrondo Group, Silva (1980) considered that the metamorphic event 
that affect the Baixo Araguaia Supergroup is of medium pressure facies series 
(Miyashiro,1973) or medium to high pressure facies series (Turner, 1968). The 
localized occurrence of fibrolite (Dall'Agnol et al., 1986) indicates that the high grade 
amphibolite facies was only reached locally. Teixeira et al. (1988) estimated that the 
metamorphism of the Estrondo Group may have reached temperature around 550°C and 
pressures between 5 and 6 kbar.
Souza (1984) stated that the metamorphism that affected the Cantao Gneiss 
produced textural rearrangements in these rocks but did not cause instability in the 
primary igneous paragenesis. The paragenesis of amphibolites (hornblende + plagioclase 
± clinopyroxene ± garnet ±  epidote) associated with these gneisses, suggests (based on 
Winkler, 1977) that the metamorphism may have reached temperatures about 620°C 
(Souza, 1984). Although he stated that any pressure estimate is not yet conclusive, 
Souza suggested a pressure about 8kbar. This metamorphic event is related to the major 
tectonic event in the structuration of the Araguaia belt.
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With regard to the migmatization that has affected the rocks of the Colmdia 
Complex, Santos et at. (1984) have defended an "in situ* anatexis process, and estimated 
that the temperature of fusion was around eSOX with pressure between 5 and Skbar. On 
the other hand, Teixeira et al. (1985) have developed the idea of migmatization by 
injection where the leucosomes, related to partial anatexis of deeper gneissic or granitic 
rocks, were injected along preferential planes. These authors estimated that the Colm6ia 
Complex underwent temperatures between 600 and 650°C, and pressure between 6 and 
7 kbar. Despite the different ideas, these authors have related this migmatization event 
to the major structural development of the Araguaia belt.
Evidence of the tectono-metamorphic event that affected the rocks of the Colmeia 
Complex probably in the Late Archean is recognized by the presence of banding and 
foliation as well as quartzo-feldspatic veins trending E-W in the orthogneisses 
(Teixeira, 1984 and Costa, 1980). The mineral association in this remnant portions 
are similar to that of the trondhjemitic gneisses in general. Thus Teixeira (1984) 
proposed that the metamorphic conditions of this older event were similar to those of the 
younger event.
The age of the tectono-metamorphic event that affected the Baixo Araguaia 
Supergroup and its basement rocks is not well established. Macambira (1983) 
presented a 593±5 Ma Rb-Sr whole rock isochron (MSWD=0.14) for the mica schists 
of the Xambiod Formation. He also determined K-Ar ages of biotite (553±16 Ma and 
518±12 Ma) and muscovite (533±16 Ma) for these mica schists. A K-Ar age of the 
amphiboles in the amphibolites associated with the mica schists is 565±20 Ma. Based on 
these data Macambira (1983) concluded that those ages represent the age of the 
metamorphism of the Estrondo Group.
The Rb-Sr whole rock data presented by Hasui et al (1980) for the supracrustal 
rocks of the Estrondo Group indicate ages of 1050 Ma and 520 Ma The older age was 
interpreted as the age of the metamorphism of the Araguaia belt, while the younger age
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was interpreted as  a resetting age related with the emplacement of the granitic rocks and 
the formation of the dome-like structures. The data presented by Hasui et al. (1980) 
have been criticized by Macambira (1983) who pointed out the limitations of the 
isochron ages mainly due to the low number of samples analyzed. Based on a new 
structural interpretation, Hasui and Costa (1990) suggested at least, a Middle 
Proterozoic age for the structural development of the Araguaia belt.
Structure
The approximate N-S trend of the Araguaia belt is shown not only by the 
disposition of the lithologies but also by the pervasive NNW-SSE and NNE-SSW trend of 
the foliation impressed in both supracrustal and basem ent rocks (Abreu, 1978; Costa, 
1980; Gorayeb, 1981; Teixeira, 1984 and Abreu, 1990). Variations in this direction 
may be observed: 1) near the dome structures where the foliation follows the 
configuration of the domes, 2) near the NW-SE ductile and brittle-ductile transcurrent 
faults that cross the Araguaia belt, where the foliation is rotated and tends to have a NW- 
SE direction.
The foliation dips gently (20°-30e) to NE and SE but near the reverse faults in 
the Estrondo Group, as in the Aragominas fault (Teixeira, 1984), this surface may dip 
more than 80° to east. The foliation may be crenulated and also display meter-sized folds 
whose axes are oriented mainly in the N-S and NW directions. Costa (1980) and 
Teixeira (1984) reported E-W foliations in the orthogneisses of the Colm6ia Complex 
which have been related to a prior Late Archean deformational episode in these rocks.
The mineral lineations on the foliation plane plunges gently SE, although near the 
dome structures it plunges to NW. Abreu and Hasui (1978) interpreted this 
configuration as indicative of the flexural character of the dome structure. Teixeira
(1984) reported that the mineral lineations display a  centrifugal character in relation 
to the center of the CocalSndia dome.
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Multiple superposed fold phases have been described in the Baixo Araguaia 
Supergroup and in its basem ent rocks (Abreu, 1978; Abreu et al., 1980; Costa, 1980; 
Teixeira, 1984 and Souza, 1984). The oldest folds are those recognized only in the 
basement rock. They have E-W trend axes and display a Type 3 (Ramsay, 1967) hook 
interference pattern. The subsequent phases identified in the Baixo Araguaia Supergroup 
may be summarized as: 1) regional folding, with vergence toward the west, and 
transposition of the bedding and generation of axial plane foliation, 2) coaxial folding, 
also with vergence toward the west, of the foliation and bedding, and transposition, 3) 
crenulation of the foliation and generation of crenulation cleavage, 4) generation of the 
doubly plunging anticlines (dome structures) and, 5) undulations related to the NW-SE 
regional strike-slip movement.
The dome structures (doubly plunging anticlines) are the most intriguing 
structures of the Araguaia fold belt. The domal configuration is defined by the quartzite 
ridge of the Morro do Campo Formation. In the core of the structures, mainly gneissic 
rocks of the basement of this belt crop out. The domes are aligned in a N-S direction in 
the belt with their major axis (up to 40km long) trending NNW and NNE. Dall'Agnol et 
al. (1986) observed that the dome structures are situated in the west side of inferred 
reverse faults in the Araguaia belt.
Basically two hypotheses have been presented to explain the origin of these dome 
structures. The first argued for granitic diapirism to generate these structures (Hasui 
et al., 1984a). The other relates the dome structures to diapiric rises of basem ent rocks 
during the peak of the regional metamorphism that affected the supracrustal rocks of the 
Araguaia belt (Santos et al. 1984; Souza et al., 1985 and Teixeira et al. 1985).
Recently, Costa and Hasui (1990) interpreted the dome structures as formed by thrust 
faulting involving both the basement and the supracrustal sequences.
The Tucurui fault (Trow et al., 1976) is a  well recognized thrust fault in the 
Araguaia belt that has placed the Couto Magalhaes Formation over the Tucurui Group
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which in turn, lies unconformably on Archean rocks of the Amazonian Craton. Other 
lineaments interpreted as traces of reverse faults have been described in the Martfrios, 
Estrondo and Cordilheira ridges (Abreu, 1978; Souza, 1984 and Teixeira, 1984).
Strike-slip movement has been inferred in the Araguaia belt associated with NW- 
SE lineaments of Iriri-Martfrios and Carajds (Abreu, 1990). These lineaments extend 
toward the Amazonian Craton for a few hundreds of kilometers (Fig. 4), and are 
interpreted as old transcurrent faults reactivated during the structural evolution of the 
Araguaia belt (Dall'Agnol et ah, 1986 and Abreu, 1990). The Transbrasiliano lineament 
(Schobbenhaus et ah, 1975) is a NE-SW sinistral strike-slip fault (Costa et ah,
1988b) that occurs in the Goi&s Median Massif near the southeast region of the Araguaia 
belt. This lineament extends under the sediments of the Parnaiba basin toward the 
Borborema Province in NE Brazil, and probably matches lineaments on the African 
Craton.
The relationship between the Araguaia belt and the rocks of the Goids Median 
Massif has been investigated by geophysical methods (Haralyi and Hasui, 1981; Hasui 
and Haralyi, 1985). These studies suggest the existence of a major crustal discontinuity 
trending NNE:SSW, which coincides with the granulitic rocks of the Porto Nacional 
Complex (Fig. 4). This crustal discontinuity was interpreted as a suture zone between 
two crustal blocks. To the west of the suture zone, a  crustal block called the Araguacema 
block which is supposed to be an extension of the Amazonian Craton was defined. The 
crustal segment to the east of the suture was named the Brasilia block. The granulitic 
rocks of the Porto Nacional Complex are supposed to represent the lower crust of the 
Brasilia block overthrust on the Araguacema block.
Geological evidence of this geophysical interpretation has been investigated by 
Costa et al. (1968a and b) and Hasui and Costa (1990). They recognized several 
geological structures that may support the existence of crystalline thrust related to the 
oblique collision of these two crustal blocks. Most noteworthy among these structures
are:1) the pervasive mylonitic foliation, displaying S- and C-surfaces in the granulitic 
rocks as well as in the surrounding lithostratigraphic units such as the Matanga Granite,
2) the wedge geometry of the different units at map scale and also at mesoscopic scale,
3) tectonic layering and imbrication present in several units, 4) well developed stretch 
lineation sometimes forming L-tectonites, and 5) sheath folds in the basement gneisses. 
The presence of sheath folding in the quartzites of the Morro do Campo formation was 
reported by Abreu (1990),
These new geological and geophysical data led Costa et al. (1988a) and Hasui and 
Costa (1990) to point out that the lithostructural evolution of this Araguaia belt could 
not be explained by coaxial shearing as was thought until the first half of the 1980's. 
They suggested a structural model to explain the lithostructural evolution of the 
Araguaia belt by non-coaxial shearing as a result of the oblique collision between the 
Araguacema and Brasilia block.
They proposed that the minimum age for this continental collision is around 2.0 Ga 
since the structures related to this event are intruded by undeformed granitic rocks of 
the Lajeado Suite which has a Rb-Sr whole rock age of 1.87 Ga (Costa, 1985). Hasui and 
Costa (1990) did not discard the possibility that the collision between the Brasilia and 
Araguacema blocks may have happened in the Archean. Therefore, their interpretation 
puts severe constraints on the age of the structural evolution of the Araguaia belt.
The Geology of the Rio Maria Region in the Eastern Amazonian Craton
The Amazonian Craton is unconformably overlain by the supracrustal sequences of 
the Araguaia belt, along the west side of this belt (Fig. 4). This craton is formed mainly 
by Archean sequences including high grade metamorphic rocks, supracrustal 
metamorphic sequences and granitic and gneisses terrains. Lower Proterozoic platforms! 
sedimentary cover and Middle Proterozoic anorogenic granites are also widespread in 
this region (DOCEGEO, 1988 and Machado et al„ 1991).
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The planar tectonic features of the Archean metamorphic rocks of the Amazonian 
Craton predominantly trend ESE-WNW and NW-SE (Silva et al., 1974; DOCEGEO,
1988; Araujo et al., 1988 and Souza et al., 1990). The main fault systems trend chiefly 
to the NW and NE. It is particularly important to emphasize the transcurrent systems of 
Carajds and Iriri-Martfrios (Fig. 4) that have been projected in direction of the 
Araguaia belt, and which possibly affect the rocks of this belt.
Recent U-Pb geochronological investigations in the Serra dos Caraj&s region 
(Machado et al., 1991) suggested that two major metamorphic events affected the 
basement gneisses (Xingu Complex) of this region. The older one is indicated by 2.86 Ga 
zircon ages of migmatites, while the younger event is suggested by U-Pb titanite ages 
about 2.5 Ga. Another metamorphic episode at 2.76 Ga, but of uncertain significance, 
was also proposed in these studies.
The Rio Maria region is used here as representative of the geology of the eastern 
border of the Amazonian Craton. It is made up chiefly of Archean granite-greenstone 
terrains cross cut by Middle Proterozoic anorogenic granites (Macambira, 1992). The 
geology of the Rio Maria region (Fig. 6) discussed in this section is based on DOCEGEO 
(1988), Souza et al. (1990), Althoff et al. (1991) and Duarte et al. (1991).
The Archean rocks of the Rio Maria region had been grouped in the past in the 
Xingu Complex (Silva et al., 1974 and Hirata et al., 1982). However, the geologic 
mapping of recent years has allowed discrimination of several lithostratigraphic units 
and, as a result, the Xingu Complex is now restricted to the poorly studied gneissic rocks 
occurring in the north part of the area (Fig. 6).
The Archean granitoids and gneisses of the Rio Maria region include the Arco Verde 
Gneissic Metatonalite (named here Arco Verde Metatonalite), the Rio Maria 
Granodiorite, the Mogno Trondhjemite and the Xinguara and Mata Surrao granites. The 
Rio Maria Granodiorite and the Mogno Trondhjemite are intrusive into the greenstone 
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Figure 6- Geologic map of the Bio Maria region on the Amazonian Craton. Adapted from DOCEGEO (1988) 
Souza et al. (1990) and Althoff et al. (1991). J- Jamon Granite; M- Musa Granite.
Arco Verde Metatonalite has an U-Pb zircon age of 2.96 Ga (Macambira, 1992), and 
presently is considered the oldest rock of this region. The Rio Maria Granodiorite has an 
U-Pb zircon age of 2.87 Ga while the U-Pb zircon age of the Xinguara Granite is 
suggested between 2.80 and 2.88 Ga (Macambira, 1992). These zircon ages are 
interpreted by Macambira (1992) as the age of emplacement of these rocks.
The Rb-Sr whole rock ages for the gneisses and granitoids mentioned above are: 
2065132 Ma (Arco Verde Metatonalite), 26041150 Ma (Rio Maria Granodiorite),
2614 1 482 Ma (Mogno Trondhjemite), 2528142 Ma (Xinguara Granite), and 
2541174 Ma (Mata Surrao Granite) (Macambira, 1992 and Duarte et al., 1991). 
These Rb-Sr ages have been interpreted as resetting ages due to an Archean event that 
metamorphosed and sheared these rocks (Macambira, 1992).
The greenstone belts in the Rio Maria region are named Andorinhas Supergroup 
(DOCEGEO, 1988). At the bottom, It is made up of mafic and ultramafic metavolcanic 
rocks with interbedded BIF (Babagu Group). Intermediate to felsic metavolcanics, 
metagraywakes and subordinated mafic rocks are described at the top (Lagoa Seca 
Group). These rocks have been sheared and metamorphosed, and their foliation trends 
ESE-WNW. A felsic metavolcanic sample of the Lagoa Seca Group gave an U-Pb zircon age 
of 2.910.03 Ga, interpreted as the age of extrusion of this volcanic sequence 
(Macambira, 1992).
The Rio Fresco Group (Barbosa et al., 1966) is a platformal sedimentary cover 
represented by a transgressive sequence with clastic sediments at the bottom and 
chemical sediments at the top (Hirata et al., 1982). In other part of the Amazonian 
Craton, as in Carajds region for instance, the Rio Fresco Group is cross cut by 1.88 Ga 
anorogenic granites (Machado et al., 1991). An Archean age (Araujo et al., 1988) or a 
Early Proterozoic age (DOCEGEO, 1988) has been suggested for this sedimentary 
sequence. Macambira (1992) has found 3,154 Ma old detrital zircons in the rocks of the 
Rio Fresco Group as well as detrital zircons with the same age as the Archean granitoids.
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He concluded that the sources of the Rio Fresco sediments were Archean rocks, and 
suggested the presence of rocks older than the Arco Verde Metatonalite in the Rio Maria 
region.
The anorogenic granites intrusive into the Archean sequences are also present in 
the Rio Maria region. The largest granitic bodies are the Jamon and Musa batholiths (Fig. 
6). They are made up of monzo to syenogranites with A-type geochemical characteristics 
(Dall'Agnol et al., in press). The Musa granite has an U-Pb zircon age of 1.88 Ga 
(Machado et al., 1991). The Rb-Sr whole rock ages obtained in these granites range 
between 1.8 and 1.6 Ga (Dall'Agnol et al., 1984; Gastal et al. 1987 and Macambira,
1992) and are lower than the U-Pb zircon age of the Musa Granite. Younger Rb-Sr 
whole rock ages relative to U-Pb zircon ages have been systematically reported in the 
eastern Amazonian Craton anorogenic granites (Machado et al., 1991 and Macambira, 
1 9 9 2 ).
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Ill- GEOLOGY AND GEOCHEMISTRY OF THE BASEMENT GNEISSES OF THE
ARAGUAIA BELT
Introduction
The dome-like structures of the Araguaia belt have been the object of geologic and 
geochemical investigations for the past two decades. The Xambioa and Lontra domes were 
studied by Abreu (1978), Macambira (1983), Santos (1983) and Santos et al.
(1984). The Cocalandia and Grota Rica domes were investigated by Teixeira (1984) and 
Teixeira et al. (1985), while Costa (1980) and Matta and Souza (1991) studied the 
Colm6ia dome. The Cantao, Rio Jardins and Cunhas domes were studied by Souza (1984) 
and Souza et al. (1985).
The geologic and geochemical information obtained in these investigations disclosed 
some basic features of the gneissic rocks exposed in the cores of these dome-like 
structures. These core gneisses have been interpreted as representing the basement 
rocks of the Araguaia belt, it has been demonstrated in these studies that the basement 
gneisses are mainly of trondhjemitic composition and are geochemically similar to the 
Archean trondhjemites described in other parts of the world. As a result, the basement 
gneisses of the Araguaia belt are considered to be a typical orthogneiss of the Archean 
tonalitic-trondhjemitic-granodioritic rock association, widely known as TTG suite after 
Jahn et al. (1981) and Martin et al (1983a).
The geologic, geochemical and geochronobgic investigations in the Cantao, Rio 
Jardins and Cunhas domes indicated that the granitic gneisses exposed in the core of these 
dome-like structures may be a Middle Proterozoic granitic intrusion in the older 
trondhjemitic gneisses. This granitic gneiss has been interpreted as a distinct
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tithostratigraphic unit, named the Cantao Gneiss, and therefore, younger than the argued 
Archean trondhjemitic gneisses found in the other dome-like structures.
The presence of two distinct groups of basement gneisses in the Araguaia belt has 
been emphasized by Souza (1984), Teixeira (1984) and Dall'Agnol et al. (1988).
This interpretation is not widely accepted and Costa et al. (1988), Herz et al. (1989) 
and Hasui and Costa (1990) considered the granitic gneisses of the Cantao, Rio Jardins 
and Cunhas domes as part of the same lithostratigraphic unit as the trondhjemitic 
gneisses, the Colmdia Complex. However, none of these authors has even discussed the 
reasons for his interpretation. Some points that may argue against the interpretation of 
the Cantao Gneiss as a Middle Proterozoic lithostratigraphic unit are here outlined.
The geochronologic data available for the basement gneisses of the Araguaia belt do 
not permit the determination of the age of crystallization of the igneous protolith of these 
basement gneisses. The Rb-Sr whole rock ages of the argued Archean trondhjemitic 
gneisses range roughly between 1.8 and 2.6 Ga, and have been interpreted as resetting 
ages (Hasui et al., 1980 and Lafon et al., 1990). Consequently, the 1.77 Ga (Souza,
1984) Rb-Sr whole rock age for the Cantao gneiss may also be interpreted as a 
resetting age (Lafon et al., 1990), and not as the crystallization age of the igneous 
protolith as suggested by Souza (1984) and Dall'Agnol et al. (1988).
Another point usually taken as evidence of the presence of two distinct basement 
gneisses in the Araguaia belt is the granitic composition and the augen structure found in 
the Cantao gneiss. However, minor amounts of granitic gneisses associated with the 
trondhjemitic gneisses have been reported in the Colm6ia, Cocalindia, Grota Rica and 
Lontra domes. These granitic gneisses also display augen structure (Teixeira, 1984 and 
Matta and Souza, 1991). As a  result, the mineralogical composition and textural data are 
not strong evidence to support the existence of two different groups of basement gneisses.
In the Colm6ia and CocalSndia domes, the trondhjemitic gneisses display a relict E- 
W foliation transposed by a N-S foliation (Costa, 1980 and Teixeira, 1984). The E-W
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foliation is related to an Archean thermo-tectonic event that supposedly affected these 
gneisses, while the N-S foliation is related to the thermo-tectonic event that generated 
the Araguaia belt. In the Cantao Gneiss the E-W foliation has not been recognized, and the 
only tectonic surface described in this orthogneiss is the N-S foliation. However, in the 
trondhjemitic gneisses of the Xambiod and Lontra domes, only the N-S foliation has been 
recognized (Abreu, 1978 and Santos et al., 1984). In fact, the structural concordance of 
the gneissic rocks of these two dome-like structures with the supracrustal rocks of the 
Araguaia belt led Abreu (1978) to interpret these gneissic rocks as part of the 
supracrustal sequence. Therefore, the structural data are not an undisputable argument 
for the Cantao Gneiss to be considered as a younger unit.
Finally, the geochemical data for these basement gneisses show significant 
differences between the Cantao Gneiss and trondhjemitic gneisses in terms of the major 
element content and some trace element concentrations. However, these data are not 
definitive in arguing for the existence of two different types of basement gneisses, since 
the major and trace element chemistry is a function of the mineralogical composition of 
the rocks which is quite distinct. The major element geochemical data for example, do not 
permit the discrimination between the Cantao Gneiss and the granitic gneisses associated 
with the trondhjemitic rocks, although some differences may be suggested by the trace 
element data.
These are some of the points that may explain the dispute in the literature 
concerning the stratigraphic interpretation of the basement gneisses of the Araguaia 
belt. The geochronologic, structural, petrographic and petrologic studies, as well as the 
major element geochemical investigations carried out so far in these gneissic rocks have 
not provided undisputable evidence concerning the existence of two distinct groups of 
basement gneisses exposed in the core of the different dome-like structures. Rigorously, 
even the assumption that the trondhjemitic gneisses are part of a single 
lithostratigraphic unit is not supported by the geochronological data presently available.
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It is clear that without additional geochemical studies based on trace element data, 
and further geochronological investigations using more powerful isotopic systematics, it 
will not be possible to improve interpretations concerning the age, origin and evolution 
of the basement gneisses of the Araguaia belt.
The investigation of the age and relationships among the core gneisses of the 
different domes of the Araguaia belt, based on their geochronology and major and trace 
element geochemical features, is the main task of this study. It is particularly important 
to establish if the Cantao Gneiss is a younger (Middle Proterozoic?) intrusive igneous 
rock in an Archean trondhjemitic basement.
The gneissic rocks of the Lontra, Grota Rica, Cocalandia and Cantao dome were 
selected for trace and major element geochemistry investigation. This selection was made 
because some major element geochemistry of these orthogneisses is already available. 
The emphasis of this study is the trace element investigation. In addition, the ages of 
these gneissic rocks, as well as the age of the orthogneisses of the Colmeia dome, were 
investigated by different isotopic systematics. These geochronological data are presented 
in the next section. The description of the geologic and geochemical features of the 
basement gneisses of the Araguaia belt is major focus of this section.
Geology
The geologic aspects of the basement gneisses cropping out in the core of the 
Cantao, Grota Rica, Cocalandia and Lontra dome structures (Fig. 7), which have been 
selected for geochemical and geochronological investigations, are here described. A brief 
geologic description of the basement gneisses of the Colmdia dome is also presented, 
because these gneissic rocks were included in the geochronological investigations of this 
work. The geologic features of the gneissic rocks from each one of the dome structures 
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Figure 7- Simplified geologic map of the north segm ent of the Araguaia belt 
after (Hasui et al., 1984 and Dall'Agnol e t al., 1988). Legend as  in 
Figure 4.
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previous investigations of these domes, however, some new geologic information 
collected during the field and petrographic laboratory investigations of this study are 
also included. This description mainly emphasizes the geologic features of the gneissic 
rocks studied geochemically, but also includes that information considered relevant to 
the understanding of the general geologic aspects of these core gneisses.
Th9.LQntr.a-.PQm9 Structure
The Lontra dome structure was first recognized by Barbosa et al. (1966). The 
dome shows a well defined ellipsoidal configuration outlined by the positive relief (up to 
250m) of hills held up by quartzites of the Morro do Campo Formation. The main axis 
extends more than 20km in the NNW direction, while the smaller axis is about 10km 
long (Fig. 8). In the core of the Lontra dome, trondhjemitic gneiss, granitic gneisses, 
amphibolites and serpentinites crop out. Macambira (1983) estimates that the 
trondhjemitic gneisses and related migmatites occupy about 80% of the exposed area of 
the Lontra dome. The trondhjemitic gneisses are light gray in color with a medium to 
coarse grained texture. They display a penetrative foliation which trends NNW and 
follows the structural configuration of the domes. This foliation is defined by oriented 
biotite and elongated quartz grains.
The trondhjemitic gneiss is strongly migmatized locally and has well developed 
banding parallel to the foliation trend. However, in some locations the foliation may 
cross cut the banding. The banding is defined by alternating layers rich in biotite and 
feldspar (mafic layers) and quartz and feldspar (felsic layers). Stromatitic, ptygmatic 
and nebulitic structures have been recognized in the migmatized portion of the 
trondhjemitic gneiss by Santos et al. (1984). A few coarse grained quartz-feldspar 
veins of up to 1-2m in width are emplaced parallel to the foliation surface.
Plagioclase (An20 after Santos et al„ 1984), (50%) and quartz (23-28%) are 
the main components of the trondhjemitic gneisses. Biotite (5-11%) and muscovite (1-
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Table 1- Modal estimates tor the basement gneisses ot the Araguaia beltf.
Lontra dome 
Trondhjemitic Gneisses
90-05 90-06 90-07 90-39
Quartz 29 22 35 29
Plagioclase 58 57 53 46
Microcline 8
Biotite 9 12 6 10
Muscovite 1 6 5 6
Epidote 3 2 1 1










29 44.17 50.6 44.5 44 45 48.69
56 40.17 34.4 44.5 41.7 27 30.69
1 5.17 1 0.3 traces 22 16.08




0.7 7.2 3.7 9.5 5 2.38
0.5 1.2 0.2 2 1 0.31
Grata Rica dome Cantao dome
Tonalitic and Trondhj. Gneisses Granitic Gneisses Monzogranitic Gneisses
88-08 88-11 FN30C* 88-13 FN30* 88-16 88-22 88-23
Quartz 28 26 38.4 28 32.7 22 24 23.6
Plagioclase 48 50 42.7 30 39.0 31 26.7 27.4
Microcline 1 0.0 5.0 36 24.1 36 33.3 40.6
Biotite 17 19 11.1 2 2.1 10 12 7
Muscovite 2 0.0 2.6 2 1.3 tr tr 1
Epidote 4 4.0 2
Others 1 1 0.1 1 0.7 tr 2 tr
t  modal estimates based on 300 points counting.
* Teixeira (1984), modal analyses based on 1500 points counting. Epidote modal proportion not provided.
5%) are the major accessory minerals present in this rock. Epidote (1-3%) is an 
important minor accessory phase (Tab. 1). Traces of titanite and microcline may also be 
found in these gneisses. Chlorite and white mica are the secondary minerals present. In 
the quartz-alkali feldspar-plagioclase (Q-A-P) ternary diagram (Streckeisen, 1976), 
these rocks plot in the tonalite field (Fig. 9).
The trondhjemitic gneisses are strongly deformed. Some rocks may show 
porphyroclasts of plagioclase (2-3mm) enclosed by muscovite and/or biotite inside a 
fine grained (about 0.1mm) recrystallized matrix made up of quartz and plagioclase, and 
displaying granoblastic polygonal texture. In other specimens, besides the coarse grained 
plagioclase, elongated quartz crystals (1-2mm) with strong undulatory extinction also 
occur. In these rocks the amount of fine grained recrystallized matrix is less.
The plagioclase porphyroclasts may present mortar texture, where plagioclase and 
quartz crystals (< 0.2mm) are in the rims of the megacrysts. These smaller crystals 
may also fill fractured portions of the plagioclase megacrysts. Muscovite, biotite and 
minor amounts of epidote enclose the porphyroclasts, and in some regions pressure 
shadows may be observed. These pressure shadows are composed of granoblastic 
polygonal aggregates of quartz, plagioclase and non oriented biotite.
The twinning of the plagioclase porphyroclasts is neither well developed nor 
usually uniform. Kinking in these twins was not observed, but the plagioclase shows a 
strong undulatory extinction. White mica and epidote inside these plagioclase 
porphyroclasts display sassuritization process. Usually the mica follows the cleavage 
planes of the plagioclase.
The biotite and muscovite define the foliation of the rock and locally these minerals 
surround the plagioclase megacrysts. Both biotite and muscovite are not strongly 
deformed, although some kinking may be observed in their cleavages. The muscovite is 
intimately associated with the biotite, and alternate lamellae of muscovite and biotite 




I Metamorphosed Ultramafic bodies
^Amphibolites 
y i  I r vt j  I L^Pequizeiro Formation
Canto da Vazante Formation 
O  Xambioa Formation




- photo-interpreted structural lineaments 
related to strike-slip faults
photo-interpreted structural lineaments 
y  related to foliations
foliation
y  \  isograd 
\




0  sampling site
town
roads 
' Y  drainage
Figure 8- Simplified geologic map of the Lontra and XambioS domes after Santos et al. (1984). 




The trondhjemitic rocks studied petrographically were sampled near the 
northeastern border of the Lontra dome, and the strong deformation displayed by these 
rocks is probably related to tectonic movement during the formation of the dome. The 
trondhjemitic rocks near the west flank of this dome also show similar petrographic 
textures. However, there is insufficient outcrop to determine if the strong deformation 
displayed for these trondhjemitic gneisses is present throughout the core gneisses or is 
restricted only to the border regions.
The description of the trondhjemitic gneisses of the Xambiod and Lontra domes 
presented by Santos et al. (1984) is very similar to that given here. However, it is not 
known if they described the trondhjemitic rocks possibly exposed in the core of these 
dome-structures. Therefore, the extent of deformation in the gneissic rocks of the 
Lontra dome is still an open question until further petrographic studies are done.
The Grota Rica Dome Structure
The Grota Rica dome (SA et al., 1979), has a small area of exposure with only its 
northwest flank evident (Fig. 10). It is not possible therefore, to confirm the suggested 
domal configuration of this structure. However, a domal shape for the Grota Rica 
structure has been assumed due to its geologic similarities with the other dome-like 
structures of the Araguaia belt, where a domal configuration is clearly seen (S£ et al., 
1979 and Teixeira, 1984). Since the characterization of the true shape of the Grota Rica 
structure does not affect the investigations of this study, the domal configuration 
assumption is followed in this work.
Trondhjemitic gneisses crop out in the core of the Grota Rica dome with associated 
minor granitic gneisses (Teixeira, 1984 and Teixeira et al., 1985). Tonalitic gneisses 
associated with the trondhjemitic gneisses were identified in this study. The 
trondhjemitic and tonalitic gneisses are gray to light gray and fine to medium grained. 
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Figure 9- Quartz-Alkali Feldspar-Plagioclase (QAP) ternary diagram after Streckeisen
(1976) for the basement gneisses of the Araguaia belt, a) Cocaldndia, Grota Rica 
and Lontra domes. Data from this work and Teixeira (1964). b) Cantao, Rio Jardin 
and Cunhas domes. Data from this work and Souza et al. (1985).
Gr-granrte, Gdr-granodiorite, Tn-tonalite, QSy-quartz syenite and 
QMz-quartz monzonite.
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quartz-feldspar lenses. A conspicuous centimeter-thick layering may be observed in 
some portions of these gneisses. This layering is defined by the alternation of felsic 
bands, composed mainly of quartz and plagioclase, with mafic bands made up chiefly of 
biotite and feldspar.
Medium to coarse grained granitic gneisses are associated with the trondhjemitic 
and tonalitic gneisses. These granitic gneisses are pink to pink-gray and locally, may 
show augen structure defined by K-feldspar crystals (up to 2cm in length) surrounded 
by a foliated matrix composed of quartz, K-feldspar, plagioclase and biotite. A granitic 
gneiss with megacrysts of microcline, but with a more massive structure has also been 
observed.
Although it is not possible to determine the geologic contact of the trondhjemitic 
and tonalitic gneisses with the granitic gneisses, there is a zone, about 20m wide, of 
enrichment in K-feldspar between these two rocks which is defined by the presence of 
numerous K-feldspar rich veins and/or layers. In addition, the soil developed on this 
zone contains a significant amount of milky-quartz fragments. It is not known whether 
this zone represents some transformation at the time of the emplacement of the protolith 
of the gneissic rocks or more probably, if this zone is due to subsequent metamorphic 
and deformational episodes that affected these rocks.
The foliation and banding developed in the trondhjemitic and tonalitic gneisses 
trends NNE to NNW or adjust to the general configuration of the Grota Rica dome. The 
same behavior is shown by the foliation of the granitic gneisses. These tectonic surfaces 
were interpreted as contemporaneous to the structural development of the Araguaia belt 
(Teixeira, 1984).
Mineral lineation, defined by elongated crystals of quartz and plagioclase, is also 
observed on the foliation surface. This lineation plunges 5o/350°Az. Quartz-alkali 
feldspar veins concordant and discordant with the foliation and banding were reported by 
Teixeira (1984), who considered that these veins were not generated in situ.
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Apparently, the tonalitic gneisses are more abundant than the trondhjemitic 
gneisses in the Grota Rica dome, since the modal proportion of the mafic minerals is 
almost always higher than 10%. As a result, the color index of these rocks is higher than 
10% and using the nomenclature of Streckeisen (1976) these rocks can not be called 
trondhjemites.
The petrographic study of the tonalitic gneisses reveals that they are composed 
essentially of oligoclase (An2o), which makes up more than 48% of the rock, quartz 
(26-28%), biotite (17-19%), and variable amount of epidote (up to 5% of the mode). 
Traces of microcline and muscovite may be present. The minor accessory phases 
recognized are titanite, apatite and zircon. Secondary minerals present are sericite, 
chlorite and a carbonate mineral. Table 1 compares the modal composition of the 
tonalitic gneisses with that of the trondhjemitic gneiss described by Teixeira (1984) in 
the Grota Rica dome. The trondhjemitic gneiss has a lower biotite and higher microcline 
modal content, and in the ternary QAP diagram plots on the granodiorite-tonalite 
boundary (Fig. 9).
The main mineralogical constituents of the tonalitic gneisses are arranged in a 
grano-lepidoblastic texture, where oriented biotite crystals are surrounded by a fine­
grained (0.4-0.8mm) granoblastic matrix composed mainly of quartz and plagioclase. 
The xenoblastic quartz crystals form monomineralic aggregates displaying granoblastic 
polygonal texture. This equilibrium texture may also be found involving quartz and 
xenoblastic to subidioblastic oligoclase crystals. The quartz and plagioclase may also 
form crystalline aggregates, sometimes lenticular in shape, oriented in the same 
direction as the biotite. A moderate to weak unduiatory extinction is present in the 
quartz crystals.
Some oligoclase crystals are zoned. A similar feature has been recognized in the 
associated trondhjemitic gneisses by Teixeira (1984). He stated that the zoning can be 
either normal or reverse. Alteration to sericite and carbonate is common in the
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oligoclase. The greenish brown (Z and Y) to light brown (X) biotite are generally 
dimensionally oriented defining the foliation of the rock. However, biotite grains cross 
cutting this foliation may also occur. The biotite cleavages do not show any evidence of 
deformation.
The granoblastic polygonal texture of quartz and feldspar and the lack of 
deformation in the biotite suggest that these minerals were recrystallized during the 
metamorphism that affected these tonalites at the time of the structural development of 
the Araguaia belt. Teixeira (1984) considered that the epidote in the trondhjemitic 
rocks of the Grota Rica and CocalSndia domes was also (re)crystallized during the same 
metamorphic event mentioned above .
The granitic gneiss is composed of microcline, oligoclase A n is and quartz. Biotite 
and muscovite are major accessory phases, while epidote and opaques are the minor 
accessory minerals. Chlorite is probably a secondary mineral and is usually associated 
with the biotite. The modal estimation of the granitic rock studied in this work is shown 
in Table 1, as well as the granitic gneiss described by Teixeira (1984). In the QAP 
diagram (Fig. 9) both rocks show monzogranitic composition.
The granitic gneisses show a grano-lepidoblastic texture where the dimensionally 
oriented biotite and muscovite crystals, defining the foliation, are immersed in a fine 
grained (0.5-0.8mm) granoblastic polygonal matrix made up of xenoblastic quartz 
grains and xenoblastic to subidioblastic oligoclase and microcline crystals. Medium 
grained (1-2mm) microcline crystals are also present in this matrix. The plagioclase 
may be zoned and, after Teixeira (1984), this zoning may be normal or reversed. Albite 
rich rims are also common in some oligoclase crystals, usually when they are in contact 
with the microcline.
The biotite and muscovite crystals do not show any evidence of deformation. As a 
result, the minerals in the matrix, as well as the biotite and muscovite are interpreted 
as recrystallized during the tectono-metamorphic event that generated the Araguaia belt,
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similar to the tonalitic and trondhjemitic gneisses. The megacrysts of microcline were 
interpreted as porphyroblasts by Teixeira (1984). If this interpretation is correct, 
these megacrysts have to be generated during the same metamorphic event mentioned 
above. Unfortunately, the petrographic investigations carried out in this work did not 
provide enough evidence to evaluate this interpretation.
The Cocaiandia Dome Structure
The Cocaiandia structure, recognized by Teixeira (1984), was defined as a dome 
structure because of its semi-ellipsoidal configuration since the projected west side of 
this structure is covered by Phanerozoic sediments (Fig. 10). The main axis of this 
dome trends 350°Az and is about 15 km long. The smaller orthogonal axis is about 8km 
long. Trondhjemitic gneisses and minor granitic gneisses are the main lithologic types 
exposed in the interior of this dome. Minor amphibolites and alkali-alumino-magnesian 
rich metamorphic rocks also occur associated with these core gneisses (Teixeira ,
1984). The trondhjemitic and granitic gneisses of the Cocaldndia dome are considered to 
be very similar to those of the Grota Rica dome. In fact they were described as a single 
Nthostratigraphic unit by Teixeira (1984) and Teixeira et al. (1985).
The trondhjemitic gneisses are light gray with fine to medium grained texture, 
while the granitic gneisses are pink to pink-gray in color and medium to coarse grained. 
In the outcrop area sampled in this work, located in the back yard of the Volta Grande 
farm, the granitic gneisses apparently form discontinuous layers or veins a few 
centimeters to a few tens of centimeters in width inside the trondhjemitic gneisses. In 
these granitic layers, augen structures defined by K-feldspar crystals are enclosed in a 
foliated matrix of quartz, K-feldspar, plagioclase and biotite.
Both the trondhjemitic and the granitic gneisses show a penetrative foliation 
trending NNW-SSE. This foliation is complexly folded, and/or is cross-cut by shear 
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Figure 10* Simplified geologic map of the Cordilheira ridge region showing the Cocalindia 






recognized a relict foliation trending ENE-WNW superposed by a  penetrative foliation 
trending NNE to NNW. Teixeira correlated this relict foliation to a similar foliation 
described by Costa (1980) in the Colm6ia dome, which has been interpreted as related to 
a Late Archean thermo-tectonic event.
The NNE to NNW penetrative foliation, which is considered to be similar to that 
described in gneissic rocks of the Grota Rica dome, has been interpreted as coeval with 
the structural development of the Araguaia belt (Teixeira, 1984). This penetrative 
foliation in the gneissic rocks of the Cocaldndia dome also tends to adjust to the general 
configuration of this dome-like structure (Teixeira, 1984). A strong mineral lineation 
is found in both gneissic rock types and also in most of the quartz-feldspar-rich veins. 
This lineation is defined by aligned biotite crystals and stretched crystals of quartz, and 
plunges 38°/088°Az in the outcrops studied.
The trondhjemitic gneisses are made up of plagioclase (45-55%), quartz (29%), 
and variable amounts of microcline (<1% up to 8%), biotite (10%), muscovite (2- 
6%), epidote (1%) and trace amounts of titanite, allanite, apatite and zircon. The 
secondary minerals present are chlorite, sericite and carbonates. The modal estimates 
for these trondhjemitic gneisses are shown in Table 1, where they may be compared 
with previous modal analyses of the trondhjemitic gneisses presented by Teixeira 
(1984). The gneissic rock with about 8% of microcline (sample 90-39) plots in the 
granodiorite field in the QAP diagram (Fig. 9). However, as will be shown later, this 
rock is geochemically classified as trondhjemite. The other samples plot inside the 
tonalite field or on the tonalite-granodiorite boundary (sample FN147).
The trondhjemitic gneisses show a grano-lepidoblastic texture where the 
dimensionally oriented biotite and muscovite are within a fine grained (0.5-0.8mm) 
granoblastic matrix made up chiefly of sodic oligoclase and quartz. Xenoblastic to 
subidioblastic microcline crystals may be present in this matrix. A coarse grained 
microcline crystal (1.5cm) is present in the matrix of the sample 90-39. In the same
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manner as  in the tonalitic and trondhjemitic rocks of the Grota Rica dome, the 
xenoblastic quartz and the xenoblastic to subidioblastic plagioclase grains may form 
crystalline aggregates, sometimes lenticular in shape, oriented in the same direction as 
the biotites and muscovite lamellae. The undulatory extinction in the quartz crystals 
seem s to be stronger than that shown by this mineral in the Grota Rica dome gneisses. In 
fact, some biotite crystals of the trondhjemitic gneisses of the Cocalandia dome may show 
a weak kink banding accompanied by a very weak undulatory extinction.
Teixeira (1984) identified normal and reverse zoning in the oligoclase. He 
determined that the composition of the oligoclase with normal zoning is An-15 in the core 
and Anio in the rims, while those crystals with reverse zoning are An-o in the core and 
An 17 in the rims. He also identified albitic rims in those oligoclase crystals in contact 
with the microcline.
The granitic gneisses are made up mainly of quartz, plagioclase (Anis), 
microcline and muscovite. Biotite, epidote, allanite, opaque minerals and zircon occur as 
minor accessory phases. The Table 1 shows the modal estimate for the main phases 
present in these gneissic rock, as well as the modal analyses for the granitic gneiss 
provided by Teixeira (1984). Sample 90-37 plots inside the granite field in the QAP 
diagram, while the sample FN-48 from Teixeira (1984) plots on the boundary 
granodiorite-granite (Fig. 9).
The granitic gneisses display a grano-lepidoblastic texture very similar to that 
described for the granitic gneisses of the Grota Rica dome. However, the heterogranular 
character of the granitic gneisses of the Cocaldndia dome was apparent in some samples 
studied microscopically in this work. The fine grained grano-lepidoblastic matrix is cut 
by almost concordant layers of quartz aggregates. The grain size of the quartz in these 
layers may reach up 2cm in length. In addition, megacrysts of microcline are also 
included in the matrix.
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The granoblastic polygonal texture of the quartz and feldspar aggregates in the 
granitic and trondhjemitic gneisses, and the dimensional orientation of the biotite and 
muscovite plates in these rocks, led Teixeira (1984) to suggest that these minerals 
recrystallized during the tectono-metamorphic event that generated the Araguaia belt.
Teixeira (1984) interpreted the microcline megacrysts (3mm to 20mm in 
length) present in the granitic gneisses as porphyroblasts. He reported biotite grains 
inside the microcline megacrysts and plagioclase crystals with rounded quartz in the 
rims. He also recognized fractures in these megacrysts filled by fine grained 
polycrystalline granoblastic aggregates made up of quartz, microcline and plagioclase. 
These intragranular features described by Teixeira (1984) are not undisputable 
evidence to interpret the microcline megacrysts as porphyroblasts.
Since the granitic gneisses have been interpreted as an orthogneiss, it is 
acceptable as well to consider the microcline megacrysts as original constituents of the 
rock and therefore as porphyroclasts. The presence of coarse grained microcline 
crystals in sample 90-39 support this hypothesis. In addition, the intense deformation 
recognized by Teixeira (1984) in the microcline megacrysts, suggests that they might 
have behaved as porphyroclasts during the above mentioned tectono-metamorphic 
episode.
The geologic implication of the interpretation concerning the origin of the 
microcline megacrysts (porphyroclast vs. porphyroblast) in these granitic gneisses is 
important. If one thinks of these crystals as porphyroblasts, immediately a  powerful 
petrographic criterion is on hand to discriminate these granitic gneisses from the Cantao 
Gneiss, whose main diagnostic feature is the presence of microcline porphyroclasts. In 
contrast, if the megacrysts are interpreted as porphyroclasts this discrimination can 
not be made based upon this petrographic criterion.
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The Colm6ia Dome Structure
The Colmdia dome is the largest dome-like structure of the Araguaia belt. The main 
axis, oriented approximately in the N-S direction, is more than 40km long with the 
smaller axis about 20km in length (Fig. 11). The rocks exposed in the core of the 
Colmiia dome show great lithologic variability. Costa (1980) described migmatized 
gneisses and granitoid rocks, as well as feldspathic schists, micaceous quartzites and 
amphibolites in the core of the Colm6ia dome. He suggested the lithostratigraphic unit 
named the Colmdia Complex to group these rocks, since he identified structural 
unconformity between the migmatitic gneisses and the supracrustal rocks of the 
Estrondo Group. Migmatites, granites, feldspathic schists, chlorite schists and 
amphibolites were described as the main lithologic types in the core of the Colm6ia dome 
by Cunha et al. (1981).
In the petrochemical investigation of the gneissic rock of the Colm6ia dome carried 
out by Matta and Souza (1991), the presence of gneissic rocks of granitic, 
granodioritic, and trondhjemitic composition was recognized. They divided these rocks 
into four different groups: muscovite-biotite granodioritic gneiss, muscovite-biotite 
trondhjemitic gneiss, muscovite biotite granitic gneiss and hornblende-biotite 
granodioritic gneiss.
Matta and Souza (1991) described these gneisses as medium to coarse grained with 
an heterogranular granoblastic texture. They reported quartz, plagioclase (An25-3o)> 
and biotite as the main mineralogical constituents of the gneissic rocks. In addition, they 
stated that the microcline is present in variable amounts and may even become an 
essential phase. The accessory minerals recognized were muscovite, titanite, zircon, 
hornblende, sericite and opaque minerals.
Two different foliation trends have been recognized in the migmatitic gneisses of 
the Colmdia dome (Costa, 1980). The older foliation, preserved only locally, trends E- 











Figure 11- Simplified geologic map of the Colm6ia region after Costa (1980). 
Legend as in Figure 8.
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penetrative foliation trends approximately N-S, or adjusts to the domal configuration. 
Costa (1980) also recognized two generations of folds with axes trending E-W associated 
with the migmatitic gneisses.
This N-S foliation recognized in these basement gneisses is also the penetrative 
planar tectonic feature observed in the Estrondo Group. Consequently, it has been 
interpreted as coeval to the structural development of the Araguaia belt. In contrast, the 
relict E-W foliation and fold axes have been assigned to an older thermo-tectonic event, 
probably in the Archean (Costa, 1980 and Hasui et al, 1980).
The Cantao Dome Structure
The dome-like structures of Cantao, Rio Jardins and Cunhas were identified by 
Souza (1984), who described the occurrence of augen gneisses, with minor amounts of 
biotite gneisses and amphibolites in the core of these structures (Fig. 12). Because of 
the presence of an E-W foliation in the biotite gneiss, Souza (1984) correlated this 
rock with the gneissic rocks of the Colm6ia Complex described in the Colm6ia, Grota Rica 
and Cocaldndia domes by Costa (1980) and Teixeira (1984). The Rb-Sr whole rock age 
of 1.77Ga obtained for the augen gneisses, the absence of E-W foliation in these rocks, as 
well as their singular petrographic and geochemical features led Souza (1984) and 
Souza et al. (1985) to group this augen gneiss in a  distinct lithostratigraphic unit which 
was named the Cantao Gneiss.
Based on the mineralogical composition of the Cantao Gneiss, Souza (1984) 
identified two groups of rock, one of granodioritic composition and the other of granitic 
composition. The first is restricted to the contact of the Cantao Gneiss with the biotite 
gneiss and the Morro do Campo Formation, while the granitic gneisses are the major 
component of the Cantao Gneiss. The granodioritic gneiss is gray and fine to medium 
grained. It is composed of quartz, microcline, calcic oligoclase, biotite and hornblende. In
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this rock, the presence of microcline megacrysts is not dominant (Souza, 1984 and 
Souza et al. 1985).
The granitic gneisses are composed mainly of monzogranites and minor amounts of 
syenogranites. These gneissic rocks are pink and present a bimodal distribution of grain 
size where megacrysts of microcline are enclosed in a foliated fine to medium grained 
matrix composed by quartz, microcline, sodic oligoclase, biotite and minor muscovite 
(Souza, 1984). The different lithologic types recognized in the Cantao gneiss define a 
compositional variation trend on the QAP diagram (Fig. 9), where the granodioritic 
gneisses pass gradually to those of monzogranitc and syenogranitic composition (Souza et 
a l . ,1 985)
The Cantao Gneiss has a remarkable foliation trending approximately N-S. 
However, this foliation tends to follow the dome configuration near the margin of the 
dome structures (Souza, 1984). The foliation is defined by the preferred dimensional 
orientation of biotite lamellae, elongated quartz and K-feldspar crystals and also by the 
alignment of the microcline augen. Quartz-feldspar-rich, centimeter-thick veins, 
parallel to the foliation, are locally present in the granitic gneisses (Souza, 1984). A 
mylonitic character for the Cantao Gneiss has been argued by DallAgnol et al. (1988) 
based on the penetrative augen structure developed in this rock, and also, the presence of 
mortar textures reported by Souza et al. (1985) in the microcline megacrysts.
In localized areas in the core of the C antio dome, the augen gneiss occurs as meter­
sized tabular bodies aligned parallel to the foliation. This singular mode of occurrence is 
different from what is usually observed for this core gneiss, which normally crops out 
as boulders of variable size. This alignment of tabular bodies and their peculiar tongue­
like shape is very similar to those structures present in the mica schists of the XambioA 
Formation which have been interpreted as indicative of a  ductile reverse faulting 
affecting these rocks (Teixeira, 1984).
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Figure 12- Simplified geologic map of the Estrondo ridge after Souza et al. (1985) 
Legend as in Figure 8.
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The contact between the Cantao Gneiss and the quartzites of the Morro do Campo 
Formation is exposed near the Estrelada farm, in the Cantao dome. Near the contact, a 
muscovite-bearing augen gneiss forms tabular bodies, similar to those described above 
but 3 to 4 times larger, aligned in the sam e direction as the foliation that plunges 
657290°Az. This foliation is crenulated with sub-horizontal fold axes. Stretch 
lineation given by elongated quartz and K-feldspar crystals plunges 357325°Az. The 
orientation of the muscovite and biotite in the augen gneiss is parallel to this lineation. 
Adjacent to the quartzite, the Cantao Gneiss occurs as an extremely deformed banded rock 
with alternating mafic (biotite-rich) and felsic (feldspar and quartz-rich) layers 
suggesting the strong deformation experienced by this augen gneiss.
The evidence of deformation in the quartzite is not as clear as in the Cantao Gneiss 
because of the homogeneity of this metasedimentary rock. However, the presence of some 
brecciated blocks of quartzite involved in a friable material is suggestive of a fault zone. 
Some white layers in the quartzite, composed essentially of quartz, display a crenulation 
whose axes plunges gently to 352°Az. Mineral lineation in the quartzite, given by the 
alignment of muscovite grains, plunges 23°/334aAz.
Recent geologic interpretations, based on gravimetric data, attempt to explain the 
origin of the dome-like structures of the Araguaia belt by arguing crustal shortening and 
thrusting of the basement rocks and supracrustal rocks during the structural 
development of this belt (Carvalho, 1987; Hasui and Costa, 1990 and Abreu, 1990). 
The faulted contact observed between the Cantao Gneiss and the quartzite of the Morro do 
Campo Formation and the tabular bodies of this gneisses near this contact may 
corroborate this interpretation. Supporting this interpretation is the fact that the 
occurrence of the Cantao Gneiss is not restricted to the core of the dome-like structure.
Petrographic observations of this study in the granitic gneiss samples of the 
Cantao dome selected for the geochemical study indicate that these rocks are part of the 
monzogranitic group defined by Souza (1984), (Tab. 1, and Fig. 9). Microscopic
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investigation of these rocks shows that most of the crystals were recrystallized during 
metamorphism as indicated by preferential orientation of the biotite, and by the 
formation of bands of potycrystalline aggregates (quartz, microciine and plagioclase) 
with granoblastic polygonal texture.
The xenoblastic quartz ranges in size between 1mm and 0.1mm. Usually the 
smallest crystals subhedral inclusions inside the feldspars. The quartz and feldspar may 
also form small lenticular aggregates, up to 3mm in length, almost parallel to the 
orientation of biotite in this gneissic rock. In spite of the strong deformation experienced 
by the Cantao Gneiss, the quartz crystals show only small to moderate undulatory 
extinction. This indicates that the temperature may still have been elevated for some 
time after the cessation of the deformation in order to attenuate the strain introduced in 
the quartz during the deformation.
Microcline appears in the rock matrix as fine grained (0.6 to 0.9mm) xenoblastic 
to subidioblastic crystals. It also occurs as megacrysts, interpreted as porphyroclasts 
by Souza (1984), 5mm or more in size. Characteristic albite-pericline twinning is 
often present, but exsolution lamellae of albite may also be observed in the microcline 
crystals. In general the microcline megacrysts are fractured perpendicular to the 
foliation of the rock. These fractures are filled by small (about 1mm) microcline, 
quartz and plagioclase crystals. Also, quartz and plagioclase crystals may occur as 
inclusions in some of these megacrysts. A mortar texture in these megacrysts has been 
described by Souza et al. (1985). Muscovite crystals, 0.1mm or a little larger, may be 
also found associated with the microcline megacrysts.
Oligoclase (An 15) occurs in the matrix forming xenoblastic to subidioblastic 
crystals smaller than 0.8mm, associated with quartz and microcline. Locally, the 
oligoclase is zoned, and those grains near the microcline may show albitic rims. Souza 
(1984) recognized a reverse zoning in the plagioclase of the granitic gneisses. He 
described the composition of the rims as An-17. t s  and the core as An-15.16 or as low as
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An io- Albite twinning is often present in the plagioclase crystals, and no evidence of 
deformation in those twins was observed. Vermicular quartz defining a myrmekitic 
texture may occur inside the plagioclase. Alteration to white mica may also be seen 
inside the plagioclase.
Biotite is the major phyllosilicate present in these rocks. The tabular biotite 
crystals that may reach up to 1mm in length are oriented in the matrix defining the 
foliation of the gneiss. The biotite shows pleochroism varying from greenish-dark 
brown (Z and Y) and light brown (X). No evidence of deformation in the biotite cleavages 
was observed. Inclusions of apatite, titanite, altanite and zircon are also found in some 
biotite lamellae.
Muscovite occurs in minor amounts in the samples studied in this work. It may be 
associated with the microcline crystals or with biotite lamellae, where it is part of the 
foliation surface. In both cases, there is no evidence of deformation in the muscovite 
crystals.
The absence of deformation in the phyllosilicates in a rock which shows 
undisputable evidence of strong deformation, indicates that these minerals were 
crystalized and/or recrystallized during the deformational event that took place. This is 
an important point because it indicates that the muscovite present in this rock originated 
during the metamorphic process. Therefore, it is not possible to establish if muscovite 
was an original constituent phase of the Cantao Gneiss protolith. Souza (1984) suggested 
that the muscovite may be a new phase crystallized during the metamorphic event that 
generated the gneissic rock, while the other minerals forming the matrix of the rock, 
quartz, plagioclase, microcline and biotite, were recrystallized during this event.
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Geochemistry
Previous geochemical studies of the basement gneisses of the Araguaia belt 
revealed that the gneissic rocks exposed in the core of the dome-like structures are 
mainly of trondhjemitic and granitic composition (Santos et alM 1984; Teixeira et al., 
1985 and Souza et al., 1985). However, these investigations, based chiefly on major 
element data, did not provide enough information to clearly understand the relationships 
among the core gneisses of the different domes. One of the biggest questions still 
unanswered is the possible presence of a Middle Proterozoic rock, C antio Gneiss, among 
the Archean basement gneisses of the Araguaia belt. In addition, it is not known if these 
trondhjemitic gneisses cropping out in the core of the dome structures, as well as the 
associated granitic gneisses, share a common geologic evolution. The available 
geochronological data do not support the interpretation based on major element data 
suggesting that these gneisses may be part of a single Archean lithostratigraphic unit.
The geochemical study presented here intends to address these problems by 
investigating the trace element geochemistry of the core gneisses of the Lontra, Grota 
Rica, CocalSndia and Cantao domes. These rocks are those whose major element 
characteristics were investigated in previous work, and their distribution along the 
Araguaia belt should give a broad picture of the geochemical features of the basement 
gneisses of this belt. Although the emphasis of this investigation is the trace element 
geochemistry, the major element data are also presented to compare the rocks here 
analyzed with those of the previous geochemical investigations (Santos et al., 1984., 
Teixeira 1984 and Souza, 1984). Additionally, the major and trace element 
geochemistries of the basement gneisses of the Araguaia belt are compared with similar 
rocks selected in the Amazonian Craton, and with the Archean gray gneisses of Finland. 
This approach will allow the investigation of the relationship between the core gneisses 
of the Araguaia belt as well as lending more support to the geological interpretations 
based on the geochemical characteristics of these rocks.
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The geochemical investigation is based on twelve samples, three samples from each 
dome structure, selected from those samples collected for Rb*Sr isotopic studies. The 
sampling procedure and preparation for the analysis is, with minor modifications, 
similar to the one used in the Rb-Sr isotopic studies (Appendix III). The major elements 
were analyzed by X-ray fluorescence, by the author, at the University of Massachusetts 
(UMASS) at Amherst. During the analysis, the internal standard from that laboratory, a 
Hawaiian volcanic rock K-1919, was analyzed 8 times. These results are reported in 
Appendix la.
The trace element data, including the rare-earth elements (REE) were determined 
by three different analytical methods. The Rb and Sr data presented here are those 
determined by isotopic dilution at the University of New Hampshire. Ba, Y, Zr, Nb and Ga 
were analyzed by X-ray fluorescence at Saint Mary's University in Canada. The REE as 
well as Hf, Ta and Th were determined by Instrumental Neutron Activation Analysis 
(INAA) at Boston College. The X-ray and the INAA analyses followed the routine 
procedures set up in each of these laboratories. Appendix lb list the results of standard 
RGM-1 run in the Boston College INAA laboratory during the REE analyses reported in 
this work.
Some trace element data determined by X-ray fluorescence were under the 
detection limit of the equipment. However, in the case where a specific element of this 
type, is necessary for use in any of the diagrams discussed throughout this text, the 
concentration of this element as half of the limit of detection of the analytical method 
was assumed. The REE data are presented and interpreted in a section separate from the 
other trace element data. However, some of the REE data are used in a few diagrams 
combined with the other trace element determinations.
Major and some trace element data for the gneissic rocks of Lontra, Grota Rica, 
Cocaldndia and Cantao domes, from Santos et al. (1984), Teixeira et al. (1985) and 
Souza et al. (1985), were added to the data generated in this work to aid the geochemical
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comparisons among these dome structures, mainly in ternary and binary variation 
diagrams. Data used in this work from the publications above are shown in the Appendix 
I la, b and c. Sample FC-127 of the Cantao Gneiss, courtesy of the geologist A. C. C. Souza, 
was analyzed for REE elements in addition to the three samples of this gneissic rock, 
selected for the geochemical investigations of this study.
Based on the geochronological data of this study for the basement gneisses of the 
Araguaia belt (discussed in the next section), some data from Archean orthogneisses and 
Middle Proterozoic granitic rocks of the southeastern part of the Amazonian Craton, as 
well as representative rocks of the Archean gray gneisses of eastern Finland, were 
selected for comparison of their geochemical characteristics to those of the gneissic 
rocks of the Araguaia belt. However, this is not a systematic comparison because the 
geochemical data available for the selected rocks are not always consistent.
The Arco Verde Metatonalite (Althoff et al., 1991), the Rio Maria Granodiorite 
(Medeiros and Dall'Agnol, 1988) and the Mogno Trondhjemite (DOCEGEO, 1988) are 
Archean rocks of the Amazonian Craton selected for geochemical comparison with the 
basement gneisses of the Araguaia belt. Two samples of the Arco Verde Metatonalite, 
courtesy of the geologist F. J. Althoff, were analyzed for trace elements (including the 
REE group) together with the gneissic rocks of the Araguaia belt. Some unpublished trace 
element data (without REE analysis) for the Rio Maria Granodiorite (two samples) and 
Mogno Trondhjemite (two samples), courtesy of Dr. R. Dall'Agnol, were also used for 
comparison in this investigation. In addition, trace element data in the literature for the 
Rio Maria Granodiorite, represented by the average of the four different facies of this 
rock recognized by Medeiros and Dall'Agnol (1988), are also used for comparison in 
some of the geochemical diagrams.
The Jamon Granite was selected as representative of the Middle Proterozoic 
anorogenic magmatism occurring in the southeastern part of the Amazonian Craton. The 
major and trace element data used in this study are those from Dall'Agnol (1982),
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Dall'Agnol et al. (1984) and, Dall'Agnol et al. (in press). The average trace element 
data of four different facies of the Middle Proterozoic Musa granite (Gastal, 1988), is 
occasionally used to compare the geochemistry of these anorogenic granites with the 
basement gneisses of the Araguaia belt. Information concerning the regional geologic and 
geochronologic framework of the southeastern portion of the Amazonian Craton can be 
found in Machado et al. (1991).
The gray gneisses of eastern Finland, represented by the Kivijdrvi gray gneiss 
(s.s.) (Martin et al., 1983a and b, and Martin, 1987), were chosen as part of the 
comparative investigation, because they are a well studied Archean (2.86 Ga.) suite of 
trondhjemitic, tonalitic and granodioritic (TTG) rocks , whose age is similar to the 
Archean zircon ages of some of the basement gneisses of the Araguaia belt of this 
investigation.
Maior Elements
The geochemical characteristics of the basement gneisses of the Araguaia belt were 
first studied by Santos et al. (1984) who, based on major element data, showed the 
trondhjemitic character of these rocks in the Xambiod and Lontra domes. Later, Teixeira 
et al. (1985), concluded that the major element data of the gray gneisses from the Grota 
Rica and Cocalandia domes also suggested the same trondhjemitic composition. Recently, 
the trondhjemitic affinity of the gneissic rocks of the Colmeia dome, based on major 
element data, was stressed by Matta and Souza (1991). The trondhjemitic character of 
these basement gneisses has been considered a powerful argument for grouping these 
gneisses in a single lithostratigraphic unit, the Colmeia Complex (Teixeira et al., 1985; 
Dall'Agnol et al., 1988; Matta and Souza, 1991).
The major element data from the augen gneiss (Cantao Gneiss) which crops out in 
the core of the Cantao, Cunhas and Rio Jardim domes show that this rock does not share 
the same trondhjemitic affinity as in the other basement gneisses of the Araguaia belt
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(Souza et al. 1985). In addition, the major element data as well as Rb-Sr isotopic data, 
suggested a consanguinity among the different petrographic units of this augen gneiss 
(Souza, 1984). This gneissic rock has been interpreted as an intrusive body into the 
Colmdia Complex (Souza, 1984 and Dall'Agnol et al.,1988).
Some geochemical features of these basement gneisses revealed by the major 
element data from these previous investigations are shown in the Ab-An-Or (Fig. 13a) 
and Q-Ab-Or (Fig. 14a) normative diagrams. The trondhjemitic character of the 
gneissic rocks of the CocalSndia, Grota Rica, Lontra, Xambiod and Colmdia domes is 
exhibited by the Ab-An-Or plot. However, the presence of gneissic rocks of granitic 
composition associated with the trondhjemitic gneisses is shown, chiefly in the Coimdia 
dome. The augen gneisses of the Cantao, Cunhas and Rio Jardim domes plot away from the 
trondhjemite field in this diagram, and define a concave upward trend toward the Or 
corner. This trend was interpreted by Souza et al. (1985) as a normal trend of 
differentiation of acid igneous rocks. In the Q-Ab-Or diagram the rocks of the Cantao 
Gneiss plot roughly in the right side of the compositional field proposed by Winkler 
(1977) for 86% of the granitic, granodioritic and trondhjemitic rocks, while the 
trondhjemitic gneisses are mainly displaced toward the Q-Ab segment.
The major element data and a CIPW normative calculation for the gneissic rocks 
studied in this work are presented in Table 2. In the Q-Ab-Or normative diagram the 
rocks analyzed in this work, display basically the same pattern reported previously for 
the basement gneisses of the dome structures here investigated (Fig. 14b). The chemical 
classification of the analyzed rocks using the Ab-An-Or normative diagram confirms the 
trondhjemitic affinity of the gneissic rocks of Cocaldndia and Lontra domes (Fig. 13b). 
The tonalitic gneisses of the Grota Rica dome plot in the tonalite field and in the 
granodiorite field of the diagram. In addition, this diagram confirms the presence of 



















Figure 13- Normative An-Ab-Or diagram for the basement gneisses of the Araguaia belt. 
Trondhjemite (Tdj), tonalite (T), granodiorite (Gd) and granite (Gr) fields are after 
Barker (1979). a) previous work : XambioS and Lontra (Santos et al.,1984), Grota 
Rica and CocalSndia (Teixeira et al.,1985) and Cantao (Souza et al.,1985). The field 
for Colmeia is based on Matta and Souza (1991). b) this work and the fields for the 
KivijSrvi (1) Archean gray gneisses from Finland (Martin et al., 1983a), and the 
















Figure 14* Normative Q-Ab-Or diagram for the basement gneisses of the
Araguaia belt, a) previous work. Source of data is the same as in Figure 13. 
b) this work. Gray line represents the field of 86% of granites, granodiorites 
and trondhjemites after Winkler (1977)
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Table 2- Major element data and CIPW normative calculation for the basement gneisses of the 
Araguaia belt.
Lontra dome Cocalandia dome Grota Rica dome Cantao dome
9 0 / 0 5 9 0 / 0 6 9 0 / 0 7 9 0 / 3 7 9 0 / 3 9 9 0 / 4 0 8 8 / 0 8  8 8 / 1 1 8 8 / 1 3 8 8 / 1 6 8 8 / 2 2 8 8 / 2 3
S1O2 68 .84 7 0 .1 6 73 .1 5 71 .93 69 .46 71 .92 6 6 .2 4  65 .44 7 1 .8 9 7 1 .2 3 6 8 . 1 0 7 2 .6 9
TK>2 0.36 0 .26 0 . 2 1 0.18 0 .30 0 .28 0 .48  0 .64 0 . 2 2 0.31 0 .69 0 . 2 2
AI2 O3 16.28 16.55 14.55 15 .30 16.41 15 .38 1 6 .2 7  15.99 14.71 14.25 1 4 .1 8 14 .15
F6 2 0 3 3 .49 2 .25 2 .0 6 1.83 2 .60 2 .33 4 .1 4  4 .80 1.62 2 .80 5.01 2 .37
MnO 0.04 0 . 0 2 0.03 0 . 0 2 0.03 0 .03 0 .05  0 .06 0 . 0 2 0 . 0 2 0 .06 0 .04
0 .93 0 .63 0 .56 0.45 0 .94 0 .67 1.59  1 .55 0 .32 0 .60 1 .04 0 .45
GD 2 .69 2.61 2 .2 1 1.98 2 .44 2 .56 4 .0 3  3 .84 1.35 1.41 2 .07 1.30
Na2 0 5 .07 5.62 4 .37 4 .52 5.32 5.14 4 .3 0  4 .16 3 .6 0 3 .29 3 .6 0 3 .47
K2O 1.47 1.57 2 .08 3 .28 1.90 1.23 1 .80  2 .37 5.21 4 .97 4 .2 4 4 .59
P20 5 0 .14 0.08 0 .06 0 .06 0 . 1 0 0.08 0 .13  0 .20 0 .08 0 .09 0 . 2 2 0 .05
LOI 0 .55 0.67 0 . 6 8 0.52 0 .46 0 . 6 6 0 .79  0.81 0 .55 0 .58 0 .49 0 .45
total 99 .85 100.42 99 .95 100 .06 99 .9 7 100.28 9 9 .8 3  99 .85 9 9 .5 6 99 .56 99 .72 9 9 .7 9
CIPW normative calculation. FeO/FeO(tota!) assumed to be 0.55 for the samples of Lontra, Grota Rica and Cocal&ndia domes 
and 0.7 for the rocks of the Cantao dome, as well as the samples 88/13 and 90/37 of the Grota Rica and Cocal§ndia domes.
9 0 / 0 5 9 0 / 0 6 9 0 / 0 7 9 0 / 3 9 9 0 / 4 0 9 0 / 3 7 8 8 / 8  8 8 / 1  1 88 /1  3 8 8 / 1 6 8 8 / 2 2 8 8 / 2 3
Ap 0.31 0.18 0 .13 0 . 2 2 0 .18 0.13 0 .29  0 .45 0 .18 0 . 2 0 0 .50 0 .1 1
II 0.69 0.50 0 .40 0 .57 0 .53 0.34 0 .94  1.25 0 .42 0 .60 1 .35 0.42
Mt 1.73 1 .11 0 . 6 8 1.38 1.24 0.54 2 .25  2.61 0 .48 1 . 0 0 1.82 0.84
Or 8.71 9 .30 12 .29 11.25 7 .28 19.49 10 .90  14.39 3 0 .8 7 29.61 25.81 27 .23
Ab 43.01 47 .67 36 .99 4 5 .1 0 4 3 .5 5 38 .48 3 7 .2 9  36 .17 3 0 .5 5 2 8 .0 7 31 .3 9 29 .49
An
Hu
12.46 12.46 10.58 11.47 12.19 9.49 19 .62  18.24 6 .19 6 .46 9 .10 6 .15
uy
Hy 2.23 1.46 2 .03 1.98 1.48 1.39 3 .3 8  3 .38 1.06 1.83 3 .23 1.49
c 3 .60 2 . 1 1 1.24 2 .82 2.27 1 .73 0 .4 8  0 .16 1 .78 2 .24 0 .89 2 .47
Q 26 .23 24 .73 34 .13 24 .7 7 30 .67 27 .76 2 3 .4 7  21.91 2 7 .3 3 2 8 .6 8 24.61 30 .89
TOTAL 98.97 99.52 98 .47 99 .56 9 9 .3 9 99 .35 9 8 .6 2  98 .56 98 .86 9 8 .6 9 9 8 .7 0 99 .09
Plag (An) 22 .46 20 .72 22 .24 20 .2 8 21 .87 19 .78 3 4 .4 8  33 .52 16 .85 18 .719 2 2 .4 7 3 17.254
Ab/Or 4 .94 5.13 3.01 4.01 5.98 1.97 3 .4 2  2.51 0 .99 0 .95 1 . 2 2 1.08
Ab/An 3 .45 3 .83 3 .50 3 .93 3.57 4 .05 1 .90 1.98 4 .94 4 .3 5 3 .45 4 .80
and CocalSndia domes. Finally, the Ab-An-Or diagram shows the augen gneisses from the 
Cantao dome plotting away from the trondhjemitic field.
In addition to the rocks analyzed in this work, the fields of the Kivijdrvi gneisses 
and of the Jamon Granite are plotted in the Ab-An-Or diagram (Fig. 13b). The field of 
the Jamon granite overlaps the granitic rock of the Cantao Gneiss analyzed in this study. 
The field of the KivijSrvi gray gneiss overlaps partially the basement gneisses of the 
Colm6ia Complex. Only the tonalitic gneisses of the Grota Rica dome where not enclosed in 
this field. However, the association trondhjemite, tonalite, granodiorite (TTG) typical in 
the Archean gray gneisses is well displayed by the Kivijdrvi field in the Ab-An-Or 
diagram.
The trondhjemitic nature of the gneissic rocks of the Colm6ia Complex is also 
shown in the Na-K-Ca ternary diagram (Fig, 15), where most of the gneissic rocks of 
this Complex, including the tonalitic rocks of the Grota Rica dome, follows the 
trondhjemitic trend. The rocks of the Cantao Gneiss display a different trend in this 
diagram which approximates the calc-alkaline trend. This diagram emphasizes the 
differing nature of the Cantao Gneiss and the other basement gneisses of the Araguaia 
belt. However, the granitic rocks associated with the Grota Rica dome also plot away 
from the defined trondhjemitic trend in this diagram. The Na-K-Ca diagram also 
suggests a reasonable geochemical similarity between the Cantao Gneiss and the Jamon 
Granite.
A good distinction between the Cantao Gneiss and the other basement gneisses of the 
Araguaia belt is also obtained in the discrimination diagram suggested by Sylvester 
(1989). This diagram discriminates between post-collisional alkaline rocks from calc- 
alkaline and peraluminous granitic rocks with Si0 2  > 68 wt%. However, the possible 
tectonic application of this diagram is of secondary importance in the context of this 
study. The important feature of this discrimination diagram (Fig. 16), js that it uses the 
relationship among the major constituents of a granitic rock in a plot of :
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(Al2 0 3 +Ca0 )/{Fe0 +Na2 0 +K2 0 ) vs 100*(MgO+FeO+TiC>2)/SiO2 ■
The gneissic rocks of the Araguaia belt as well the Kivijdrvi gray gneisses plot in 
the calc-alkaline and strongly peraluminous field of the diagram while the Cantao Gneiss 
and the Jamon Granite plot essentially in the alkaline field. The major element 
similarity between the Kivijdrvi gray gneiss and the gneisses of the Colmdia Complex, as 
well as the similarity between the Cantao Gneiss and the Jamon Granite is again stressed 
in this diagram.
The gneissic rocks that plot in the trondhjemite, tonalite and granodiorite fields in 
the Ab-An-Or normative diagram will be referred to throughout this text as gray 
gneisses, while those rocks that plot in the granite field will be indicated as granitic 
gneisses. The exception will be those rocks from the Cantao Gneiss, which will be 
alternatively called augen gneiss. The discrimination of the samples in the Ab-An-Or 
diagram was then used to compare the major element characteristics of the gray gneisses 
of the Cocaldndia, Grota Rica, Lontra and Xambiod domes. The granitic gneisses which 
may be associated with the gray gneisses in these dome structures, were considered as a 
separate group whose geochemical features are to be compared to both the gray gneisses 
and the augen gneiss.
Major element averages and respective standard deviations for the gray gneisses 
from the Cocalandia, Grota Rica, Lontra and Xambiod domes are shown in Table 3. These 
averages were calculated by using the data generated in this investigation (Tab. 2) and in 
previous work (Appendix lla,b,c). The exception is the gray gneiss of the Xambio£ dome, 
which is not a main emphasis of this study, whose average was computed by using the 
data available in the literature (Appendix lla). The main parameters used by Barker 








Figure 15- Na-K-Ca diagram (wt% units) for the basement gneisses of the Araguaia 
belt. Data are from this work (Table 2) and previous investigations (same 
reference as Figures 13).
1) field of the Kivprvi gray gneiss, Finland (Martin et al.,1983a and Martin, 
1987). 2) field of the Jamon Granite (DaN'Agnol, 1982). Trondhjemitic and 
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Figure 16- Major element (wt% units) discrimination diagram for the basement 
rocks of the Araguaia belt. A) alkaline granites with composition similar 
to highly fractionated calc-alkaline granites. B) alkaline granites 
(after Sylvester, 1989). 1) field for the Klvirjavi gray gneisses and 
2) field for the Jamom Granite. Rocks with SI02>68 wt% from this and 
previous investigations were used. References are the same as in 
Figure 13.
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Table 3- Major element averages (wt%) for the gray gneisses of the Araguaia belt00
Grota Rica (2) Coc<£ncia{6) Lortra(6) Xambioa(4) Tionctijennles§
Average stddev Average std dev Average std dev. Average std dev
Si02 65.84 2.26 71.13 1.33 71.38 1.69 71.01 1.39 >68%. <75%
T1O2 0.56 0.13 0.26 0.04 0.24 0.07 0.31 0.10
AI2O3 16.13 0.17 15.51 0.68 15.46 0.93 14.86 0.43 >15% @ 70% Si02
Fe203 4.47 0.92 2.38 0.22 2.24 0.64 2.45 0.90
MnO 0.05 0.01 0.02 0.01 0.03 0.01
MgO 1.57 0.47 0.72 0.11 0.60 0.18 0.55 0.23
CaO 3.94 0.97 2.07 0.40 2.48 0.42 2.43 0.51 1.5% -3.0%
Na20 4.23 0.26 4.98 0.25 5.28 0.53 4.80 0.27 4.0% - 5.5%
k2o 2.08 0.30 1.77 0.54 1.60 0.47 1.86 0.21 <2.5% (typically <2.0%)
P2O5 0.17 0.04 0.10 0.05 0.08 0.03 0.23 0.12
LOI 0.80 0.04 0.65 0.17 0.59 0.10 0.48 0.06
total 99.84 99.58 99.97 98.95
A/CNK 1.01 0.09 1.14 0.08 1.05 0.07 1.08 0.04
Na/K 1.85 0.28 2.69 0.73 3.23 1.17 2.32 0.19
K20+Na20 6.31 0.39 6.74 0.51 6.88 0.42 6.65 0.45
FeO‘+MgO 5.59 1.28 2.86 0.25 2.61 0.75 2.75 1.02 <3.4%
Fe203+Mg0+Ti02 6.66 3.36 3.31 3.08 <5.0% t
FeOVMgO 2.57 0.62 3.01 0.43 3.41 0.29 4.10 0.82 2.0% - 3.0%
» -  data from Santos et al. (1984) and Teixeira et al. (1985), listed in the Appendix lla and b, were also used in the average calculation 
FeO*= FeO total
A/CNK= Al203/Ca0 +Na20+K20, in mol units 
(#) - number of samples averaged 
§ - Barker (1979)
t  - average of Archean gray gneisses from Finland (Martin, 1987)
typical average concentration of ferromagnesian elements (Mg0 +Fe2C>3+Ti0 2 ) for the 
Archean gray gneisses from Finland (Martin, 1967).
The average of the major elements shows that the gray gneisses of the Cocalandia, 
Lontra and Xambiod domes fit Barker's definition of trondhjemite. They have a high and 
very similar Si0 2  concentration {= 71 wt%) and also a high Na2 0  content (4.80 - 5.28 
wt%). The low amount of ferromagnesian elements (Mg0 +Fe2 0 3 +Ti0 2 , = 3.08 - 3.36 
wt%) is typical of the trondhjemitic rocks, which are poor in Fe-Mg bearing minerals. 
The high concentration of AI2 0 3 , above and around 15 wt%, permit these gray gneisses 
to be classified as high-AI trondhjemites after Barker's (1979) criteria.
The major element average of the two samples of gray gneisses from Grota Rica, 
does not fit the trondhjemite definition. The average Si02  content (65.8 wt%) is lower, 
and the CaO (3.9 wt%) and FeO*+MgO (5.59 wt%) are higher than the expected 
concentration for trondhjemitic rocks. The content of the ferromagnesian elements are 
higher than the average concentration of the Archean gray gneisses from Finland. These 
features is in agreement with the tonalitic character of the rocks of Grota Rica , which 
plotted in the tonalite/granodiorite fields in the Ab-An-Or diagram. However, the 
trondhjemitic rock from the Grota Rica dome (sample FNg-30C, Appendix lib), fits 
very well with Barker's definition.
The major element averages of the gray gneisses as well as the associated granitic 
gneisses of the Cocaldndia and Grota Rica domes are shown in Table 4. This table also 
includes the average concentration of the monzogranitic rocks from the Cantao Gneiss 
analyzed in this work and the average of the representative groups of rocks of this augen 
gneiss after Souza et al. (1985). Besides the major element data, this table includes the 
average K/Rb and Ca/Sr ratios. Abbreviations related to the designation of the gneissic 
rocks of the different domes which are used in this text are also introduced in that table.
The average major element concentration of the granitic gneisses of the Grota Rica 
and Cocaldndia domes are not similar. The granitic gneiss of Grata Rica has higher Si02
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Table 4- Major element averages for the gray gneisses, granitic gneisses and 
augen gneisses of the Araguaia belt.
CDggn GRggn CDgrgn GRgrgn CTgn CTgdgn CTmzgn
(6) (2) (2) (2) (3) (5) (5)
Si02 71.13 65.84 71.97 73.90 70.67 66.90 71.10
Ti02 0.26 0.56 0.22 0.16 0.41 0.73 0.32
AI2O3 15.51 16.13 15.35 14.55 14.19 14.10 14.26
F6203 2.38 4 .47 2.30 1.73 3.40 5.58 2.68
MO 0.02 0.05 0.02 0.01 0.04 0.06 0.02
Mgo 0.72 1.57 0.60 0.28 0.70 1.03 0.60
GO 2.07 3.94 1.68 1.38 1.59 2.65 1.48
Na20 4.98 4.23 4.63 3.60 3.46 3.70 3.70
K2O 1.77 2.08 3.17 4.41 4.60 3.69 4.66
P2O5 0.10 0 .17 0.08 0.05 0.12 0.27 0.13
LOI 0.65 0.80 0.43 0.50 0.51 0.44 0.48
total 99.58 99.84 100.45 100.56 99.69 99.16 99.43
K/Rb 237.21 195.51 336.54 396.22 192.04 198.53 207.25
Ca/Sr 40.98 80.46 35.49 28.14 62.21 82.46 51.04
A/'CNK 1.14 1.01 1.10 1.12 1.07 0.99 1.06
Na/K 2.69 1.85 1.31 0.76 0.68 0.91 0.71
«20+Na20 6.74 6.31 7.80 8.00 8.06 7.40 8.36
FeO*+MgO 2.86 5.59 2.66 1.83 3.75 6.05 3.01
FeOVMgO 3.01 2.57 3.50 5.88 4.42 4.88 4.09
FeO*+MgO+Ti02 3.36 6.60 3.12 2.17 4.51 7.34 3.60
■» - data from from Teixeira et al (1984), listed in the Appendix lib was also used in the average calculation 
of the granitic gneisses of Cocalfindia and Grota Rica domes.
(#) - number of samples averaged
CDggn- gray gneisses from the Cocal&ndia dome.
GRggn- gray gneisses from the Grota Rica dome.
CDgrgn- granitic gneisses from the Cocalfindia dome.
GRgrgn- granitic gneisses from the Grota Rica dome .
CTgn- granitic gneiss (Cantao gneiss this work).
CTgdgn- granodioritic gneiss (Cantao Gneiss , Souza et al.,1985).
CTmzgn- monzogranitic gneiss (Cantao Gneiss, Souza et at, 1985).
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and K2O contents and a higher K/Rb ratio. On the other hand the ferromagnesian 
elements, CaO, Na2 0  and the Ca/Sr ratio are lower (Tab. 4). However, it is not possible 
to rule out the proposed relationship between these rocks (Teixeira et al.,1985) based 
only on the major element data. These data reflect, mainly, the more felsic character of 
the granitic gneisses from the Grota Rica dome, already delineated in the Ab-An-Or and 
Na-K-Ca diagrams (Figs 13b and 15).
The comparison of the major element data among the three different groups of 
gneisses cannot be done directly because of the compositional variations within each 
group. Therefore, the Si02  content of these rocks was used as a  reference in order to 
make the comparison among the different groups of gneisses. Considering the major 
element average of the gneissic rocks with approximately the same Si0 2  concentration 
(CDggn, CDgrgn, CTgn and CTmzgn), the following relationships may be stated: 1) the 
average concentration of the ferromagnesian elements in the granitic gneisses are 
slightly lower than in the gray gneisses; the augen gneiss shows the highest 
concentration among them; 2) the AI2O3 content in the gray gneisses and granitic 
gneisses are similar while the alumina content in the augen gneisses is lower; 3) the CaO 
concentration is higher in the gray gneisses and quite similar in the granitic gneisses 
and the augen gneisses; 4) the Na/K ratio shows that K2O is enriched relative to Na2 0  in 
the Cantao Gneiss and this behavior is opposite in the gray and granitic gneisses, 5) the 
gray gneisses have the highest Na2 0  concentration; 6) the K/Rb ratio in the granitic 
gneisses are higher than in the gray gneisses. This ratio in the augen gneisses is the 
lowest among these gneisses and; 6) the Ca/Sr ratio is higher in the augen gneiss and 
lower in the granitic gneiss.
Comparing the major element averages of GRggn with CTgdgn the higher amount of 
AI2O3, CaO and Na2 0  is noted in the former while the concentration of ferromagnesian 
elements and K2O, are higher in the Cantao Gneiss (Tab 4). However, the K/Rb and 
Ca/Sr ratios are quite similar.
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The major element data show more differences than similarities among the three 
different groups of gneissic rocks studied. Clearly the Cantao Gneiss represents a 
distinct rock with particular major element characteristics. The presence of a well 
defined trend for the augen gneisses in the ternary diagrams Ab-An-Or and Na-K-Ca and 
the apparent lack of relationship between this trend and the plot of the gray gneisses and 
granitic gneisses may indicate a separate evolution for the Cantao Gneiss. Also, the 
higher amount of ferromagnesian elements in this augen gneiss is not compatible with its 
direct derivation from the gray gneisses. In addition, the suggestive similarity between 
the Jamon Granite and the Cantao Gneiss displayed in the different diagrams presented, 
reinforces a distinct evolution for this augen gneiss.
The geochemical similarities between the gray gneisses and the granitic gneisses is 
restricted to their high AI2O3 and NagO concentration, observed only in the CocalSndia 
dome. However, the lower amount of ferromagnesian elements in the granitic gneisses is 
compatible with a common evolutionary history or a closer relationship between these 
two groups of basement gneisses.
Trace Elements
More accurate interpretation of the relationship among the gray gneisses, the 
granitic gneisses and the augen gneisses may be obtained by the investigation of their 
trace element geochemistry. A reasonable amount of Rb and Sr concentration data for 
these gneisses is presently available in the literature, however, geochemical 
information about other trace elements is essential in order to develop a more 
convincing interpretation regarding the relationship among these core gneisses. The 
trace element data of the twelve samples of the basement gneisses of the Araguaia belt 
plus, two samples from the Arco Verde Metatonalite are reported in Table 5. The trace 
element data for the three main group of gneisses discriminated by the major element 
data are summarized in several variation diagrams presented throughout this section.
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Table 5 - Trace element data for the basement gneisses of the Araguaia belt. The Arco Verde Metatonalite is an Archean 
orthogneiss of the Amazonian Craton.
Grota Rica dome Lontra dome CocalSndia dome Cant3o Gneiss Arco Verde
Metatonalite
88-08 88-11 88-13 90-05 90-06 99-07 90-37 90-39 90-40 88-16 88-22 88-23 F-58 HZR-707
SI02* 66.24 65.44 71.89 68.84 70.16 73.15 71.93 69.46 71.92 71.23 68.10 72.69
Ba 550 565 1365 529 696 803 1320 494 254 1208 1553 1046 562 324
Rb 76 101 115 50 44 69 77 71 53 207 194 203 65 80
Sr 354 345 293 421 426 242 381 405 338 172 221 195 259 331
Y 10 12 <5 <5 <5 <5 7 7 5 19 75 152 6 <5
Zr 150 221 178 230 112 128 143 125 122 264 622 200 175 169
Nb 5 6 <5 <5 <5 <5 <5 6 <5 15 38 15 6 5
Ga 19 18 15 20 19 17 16 18 18 20 21 18 18 19
Zn 66 64 23 69 51 42 25 47 45 22 62 29 51 60
Ni 26 23 <5 <5 <5 <5 6 6 7 7 10 <5 9 12
Cr 29 41 13 9 6 8 10 11 10 24 27 15 29 40
Hf 5 6 5 6 3 9 5 4 4 8.6 17 6 5 5
Ta 1.6 1 0.24 0.16 0.17 0.48 0.18 0.67 0.33 1.6 4.1 1.6 0.42 0.23
Th 6 4 62 16 5 8 13 9 4 37 30 48 5 6
Rb/Sr 0.21 0.29 0.39 0.12 0.10 0.29 0.20 0.18 0.16 1.20 0.88 1.04 0.25 0.24
Rb/Ba 0.14 0.18 0.08 0.09 0.06 0.09 0.06 0.14 0.21 0.17 0.12 0.19 0.12 0.25
Sr/Ba 0.64 0.61 0.21 0.80 0.61 0.30 0.29 0.82 1.33 0.14 0.14 0.19 0.46 1.02
Zr/Hf 30.00 36.83 35.60 38.33 37.33 14.22 28.60 31.25 30.50 30.70 36.59 33.33 35.00 33.80
The Si02 content is included as a reference
Trace element data from the Rio Maria Granodiorite, Mogno Tonalite and Jamon and Musa 
granites of the Amazonian Craton as well as, the trace element data from the gray 
gneisses of Finland are incorporated in most of these diagrams. References for these data 
are shown throughout this section.
The K/Rb ratio for the gray gneisses, granitic gneisses and augen gneisses 
(Fig.17a) are in the sam e range (150-300). The gray gneisses fall mainly inside the 
field defined by the gray gneisses of trondhjemitic composition of the Araguaia belt 
(trondhjemitic field). The striking exception is one of the tonalitic rock samples of the 
Grota Rica dome whose Rb content is higher than those of the trondhjemitic rocks. This 
diagram also shows that the granitic gneisses studied here and most of the gray gneisses 
lie inside the field defined by the Kivijdrvi gray gneiss of Finland (Kivijdrvi field) 
which, in its turn, overlaps partially the trondhjemitic field. In addition, the K-Rb 
diagram suggests a closer relationship of the trondhjemitic rocks of the Araguaia belt 
with the granitic gneiss of the Cocalandia dome than with the granitic gneiss of the Grota 
Rica dome.
The augen gneisses define a different field (Cantao field) due to their higher 
content of K and Rb. The diagram also shows a considerable overlap of the field defined by 
the Jamon Granite (Jamon field) with the Cantao field. Based on the K and Rb 
concentrations the similarity between the augen gneisses (Cantao Gneiss) of the Araguaia 
belt and the anorogenic granite of the Amazonian Craton is greater than between the 
augen gneiss and the two other group of rocks (gray and granitic gneisses) that make up 
the basement rocks of this belt. The K and Rb average concentrations of four different 
facies of the Musa Granite (Gastal, 1988), a 1.88 Ga (Machado et al. 1991) anorogenic 
granite that occurs near the southwest border of the Jamon Granite (see Fig. 6), plots 
inside the Cantao and Jamon fields (Fig. 17b).
A comparison between the trace element data of the gray gneisses of the Araguaia 
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Figure 17 - K vs. Rb variation diagram, a) basement gneisses of the Araguaia belt, 
(abbreviations as in Table 4); b) gneisses and granites of the Amazonian 
Craton. RMgd- Rb Maria Qranodiorite (Medeiros and Dall'Agnol, 1988);
MGtn - Mogno Trondhjemite (R. Dall'Agnol unpublished data); and 
Musa gr. - Musa Granite (Gastal, 1988).
1- field of Jamon Granite (Dall'Agnol et al.,1984); 2 - field of the trondhjemitic 
rocks of the Araguaia belt (Santos et al., 1984 and Teixeira et al., 1985);
3 - field of the Cantao Gneiss (Souza et al., 1985) and 4- field of the Kivprvi 
gneiss (s.s.) (Martin et at., 1983a and Martin, 1987).
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this section based upon the geological similarities between these rocks in terms of age 
(discussed in the next section) structure, and rock associations. However, not many 
trace element geochemical studies have been made of the Archean rocks of the Amazonian 
Craton. Several geochronological and geochemical investigations in these Archean rocks 
are underway. Most of these investigations are not concluded so the data are not yet 
available in the literature. Unpublished trace element data of the Mogno Trondhjemite 
and of the Rio Maria Granodiorite, courtesy of Dr. R. Dall'Agnol, are used in this 
comparison, in addition to a few analyses available from the literature for the Rio Maria 
Granodiorite (Medeiros and Dall'Agnol, 1988) and the trace element data of the Arco 
Verde Metatonalite, obtained in this study.
The two samples of the Mogno Trondhjemite plot outside of the trondhjemitic field 
and of the Kivijdrvi field due to the higher K/Rb ratio (Fig. 17b). The Rio Maria 
Granodiorite has a higher K and Rb content than the trondhjemitic rocks of the Araguaia 
belt. This is indicated by the average K and Rb concentration of four different facies of 
the Rio Maria Granodiorite (Medeiros and Dall'Agnol, 1988) that plot in the lower end of 
the Cantao/Jamon field and in the upper corner of the KivijSrvi field (Fig. 17b).
The Rb-Sr diagram (Fig. 18a) displays the same general features already revealed 
in the K-Rb diagram, that the trondhjemitic field and the Cantao field do not share the 
same compositional space. The Rb-Sr ratios of the gray gneisses range roughly from 0.1 
to 0.3. In the Cantao Gneiss, the range is about, 0.3 to 3. An analogous observation has 
already been made by Dall'Agnol et al.(1988) who interpreted the difference as evidence 
of the different origin for the Cantao gneiss. The Rb-Sr diagram suggests that Rb and Sr 
content in the granitic gneisses and gray gneisses have some degree of similarity. 
However, this is more evident for the granitic gneiss of the Cocalandia dome than for the 
granitic gneiss of Grota Rica dome. Again, the similarity between the Rb and Sr 
concentrations of the Jamon and Musa granites and those of the Cantao Gneiss is evident 


















*  MGtn 
a  AVtn
*  Musa gr.
Figure 18- Rb vs. Sr variation diagram, a) basement gneisses of the Araguaia belt
(abbreviations as in Table 4). b) gneisses and granites of the Amazonian Craton 
AVtn- Arco Verde Metatonalite. Other abbreviations are as in Figure 17.
Reids 1 ,2 ,3  and 4 and sources references are the same of Rgure 17.
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fall inside the trondhjemitic field, while the averaged samples of the different facies of 
the Rio Maria Granodiorite plot outside the trondhjemitic field due to their higher Rb 
content. However, the Rb/Sr ratio of this granodiorite is within the range of the Archean 
KivijSrvi gray gneisses (Fig. 18b).
In the Rb-Ba diagram (Fig. 19a) the comparison between the gray gneisses and the 
augen gneisses is similar mainly due to the higher Rb content of the Cantao Gneiss. The 
Ba content of the gray gneisses is, however, lower than that of the granitic gneisses, 
which plot outside of the trondhjemitic field. There is not enough information about the 
Ba content of the Cantao Gneiss to define a field for this augen gneiss. However, the three 
samples of the Cant§o Gneiss analyzed in this work plot inside the Jamon field, as does 
the average of four different facies recognized in the Musa Granite (Gastal, 1986) 
suggesting the geochemical similarity between the augen gneisses and these anorogenic 
rocks of the Amazonian Craton (Fig. 19a and b). The Ba content of the Archean rocks of 
the Amazonian Craton investigated in this study is inside the range of the concentration of 
this element in the trondhjemitic rocks of the Araguaia belt (Fig. 19b).
The lower concentration of Sr and higher content of Ba of the Cantao Gneiss is 
evident in the Ba-Sr diagram (Fig. 20a). This augen gneiss and the Middle Proterozoic 
anorogenic granites of the Amazonian Craton show a higher Ba/Sr ratio relative to the 
Archean TTG (Fig. 20a and b). The Cantao Gneiss samples fall once more outside of the 
trondhjemitic field and inside the Jamon field. The high concentration of Ba in the 
granitic gneisses, also makes these rocks to plot outside the trondhjemitic field. The 
samples of the Mogno Trondhjemite and of the Arco Verde Metatonalite (Fig. 20b) fall 
inside the trondhjemitic field while two samples from the Rio Maria Granodiorite (R. 
Dall'Agnol, unpublished data) plot in the margin of this field. The average of the four 
facies of the Musa granite are within the Jamon field.
The trace element variation diagrams shown in figures 17, 18, 19 and 20 
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Figure 19* Rb vs. 8 a variation diagram, a) basement gneisses of the Araguaia belt,
(abbreviations as in Table 4); b) gneisses and granites of the Amazonian Craton 
(abbreviations are as in Figures 17 and 18). Fields 1 and 2 as in Figure 17.


































Figure 20- Ba vs. Sr variation diagram, a) basement gneisses of the Araguaia belt,
(abbreviations as in Table 4); b) gneisses and granites of the Amazonian Craton, 
(abbreviations are as in Figures 17 and 18). Fields 1 and 2 as in Figure17.
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anorogenic granites of the Amazonian Craton. They also show that the gray gneisses of the 
Araguaia belt have geochemical similarities with the Archean orthogneisses of the 
Amazonian Craton. In addition, as part of a suite of rock with trondhjemitic, tonalitic and 
granodioritic (TTG) composition, the gray gneisses also share some geochemical 
similarities with the TTG suite of eastern Finland, represented here, by the KivijSrvi 
gray gneisses (s.s.).
However, simple examination of the Ba-Sr and Rb-Ba diagrams shows the 
contrasting higher concentration of Ba in the granitic gneisses relative to the gray 
gneisses. The geochemical data in Table 5 indicate that the Ba content in the granitic 
gneisses is three times higher than the values of Ba of the gray gneisses, while the Rb 
and Sr contents in both group of rocks do not change significantly. The relationship 
among these three trace elements makes it difficult to argue for consanguinity between 
the gray gneisses and the granitic gneisses since significant changes in Ba content should 
be accompanied by significant changes in Rb and Sr concentrations considering the 
mineralogy of the rocks involved.
The results of simple modeling based on the average Rb, Sr and Ba content of the 
gray gneisses quantify this observation. This may be illustrated by two simple models:
1) the granitic gneisses were generated by partial melting (modal batch melting) of the 
gray gneisses or, 2) the granitic gneisses represent the residual melt of a fractional 
crystallization process from which the gray gneisses crystallized. References regarding 
the equations and distribution coefficients used in these model calculations are in Table 
6 .
The partial melt of a rock with a modal composition more or less similar to the 
average modal composition of the trondhjemitic rocks of the Araguaia belt 
(biotite=10%, K-feldspar=5%, plagioclase=40% and quartz=45%) gives a  bulk 
distribution coefficient for Ba of 1.066 indicating that this element has a slight 
preference for the solid phases biotite and K-feldspar. This preference would generate a
1 0 0
Table 6a* Modeling of Ba, Rb and Sr content for the partial melt of a rock with 10% biot., 5% K- 
spar and 40% plag and 45% quartz and fractional crystallization of a magma crystallizing a rock 
with the same modal proportion.
batch partial melt 
Cs Cl %melt D
fractional crystallization 
C0 C | %melt
Ba 600 563 1 1.066 600 443 1
600 565 5 1.066 600 492 5
600 566 10 1.066 600 515 10
Rb 70 183 1 0.375 70 1242 1
70 172 5 0.375 70 455 5
70 160 10 0.375 70 295 10
Sr 350 179 1 1.966 350 4 1
350 183 5 1.966 350 19 5
350 187 10 1.966 350 37 10
Batch partial melt equation C l / Cs = 1 / [(D + F(1-D)]
Cs = concentration (ppm) of the element in the parent rock.
Cl= concentration (ppm) .of the element in the batch melt.
D = bulk distribution coefficient at the time when the batch is removed. 
F a fraction of the melt or batch size (meH%)
Fractional crystallization equation C| / CD= F ^  ' 1)
C| = concentration (ppm) of the element in residual melt. 
CQ= concentration (ppm) of the element in the original melt. 
F = fraction of the residual melt, (melt %)
D a bulk distribution coefficient
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Table 6b* Modeling of Ba, Rb and Sr content for the partial melt of a rock with 5% horn., 3% biot., 
5% K*spar and 40% plag and 47% quartz and fractional crystallization of a magma crystallizing a 
rock with the same modal proportion.
batch partial melt
c s cl %melt
Ba 600 957 1
600 934 5
600 908 10
Rb 70 447 1
70 367 5
70 300 10




D Co C| %melt
0.623 600 3405 1
0.623 600 1856 5
0.623 600 1429 10
0.623 600 1100 20
0.148 70 3543 1
0.148 70 899 5
0.148 70 498 10
0.148 70 275 20
1.968 350 4 1
1.968 350 19 5
1.968 350 38 10
1.968 350 74 20
Distribution Coefficients used in the batch partial melt and fractional crystallization modeling 
shown in Table 6a and b. Values from Hanson (1978)
biot. k-spar plag. horn.
Rb 3.26 0.659 0.041 0.014
Sr 0.12 3.87 4.4 0.22
Ba 6.36 6.12 0.31 0.044
1 0 2
melt with a slightly lower Ba concentration (Tab. 6a). On the other hand, Rb is 
considerably enriched in the melt because it has a bulk distribution coefficient of 0.375 
(Tab. 6a). The melt, on the contrary, would be significantly impoverished in Sr because 
Sr behaves as a  compatible element (bulk distribution coefficient of almost 2), being 
retained by the plagioclase and K-feldspar.
A similar situation is developed if the granitic gneisses are thought to represent 
the residual melt of a magma crystallizing a rock with the above modal composition. The 
residual melt (granitic gneisses) would have a lower Ba content, a  much higher Rb 
concentration and an extremely low Sr content relative to the original melt composition 
(Tab. 6a).
A possibility that most of the biotite present today in the gray gneisses is 
secondary and that these gneisses originally had a significant amount of hornblende 
exists. If the amount of biotite and/or K-feldspar is decreased, it is possible to change 
the geochemical character of the Ba (from compatible element to incompatible element) 
in the models considered above. This is done considering the following hypothetical modal 
proportion: hornblende=5%, biotite= 3%, K-feldspar=5%, plagioclase=40% and 
quartz=47%. The Ba is enriched in the melt due to the decreasing of the biotite content 
(Tab. 6b). The Rb content in this melt would be higher than the source rock as well, and 
with a much higher enrichment factor relative to Ba due to the more incompatible 
behavior of the Rb. In contrast, the Sr content in this melt would decrease considerably 
(Tab. 6b). The fractional crystallization of a magma crystallizing a rock with the above 
modal mineralogy may also generate a liquid enriched in Ba. However, there would be 
dramatic decrease of the Sr content in this liquid, as well as an extremely high increase 
in the Rb concentration (Tab. 6b)
Many other mineralogical assumptions and/or proportions may be made either for 
fractional crystallization or partial melting models. But, considering the affinity based 
on the distribution coefficient of the Ba, Sr and Rb for the main phases that have to be
1 0 3
considered in these models (plagioclase, biotite and K-feldspar), it is not possible to 
satisfy all three elements in the same model. Perhaps, by using more complicated models 
it may be possible to find a plausible explanation to link the gray gneisses with the 
granitic gneisses. However, based on the simple modeling using the Ba, Sr and Rb data, 
and considering a closed system, the possibility that the granitic gneisses have not been 
formed by the partial melting of the associated gray gneisses, or that they do not 
represent the residual melt of a fractional crystallization process that generated the 
gray gneisses is strongly suggested.
A better view of the trace element geochemistry of the basement gneisses of the 
Araguaia belt can be obtained by examining the geochemical pattern of these gneisses in a 
diagram suggested by Pearce et al. (1984). In this diagram (Fig. 21), the concentration 
of some trace elements plus K (as K2O) is normalized by a theoretical Ocean Ridge 
Granite (ORG). The geochemical pattern of the gray gneisses and granitic gneisses are 
very similar. The K2O, Rb, Ba and Th content are higher than those of ORG and Ta, Nb,
Hf, Zr, Sm and Y are lower than ORG (Fig. 21). The exception are the tonalitic rocks 
from Grota Rica dome whose Ta content is higher than ORG. The Ce content is variable, it 
is slightly lower or higher than ORG for the gray gneisses and two to three times higher 
than ORG for the granitic gneisses. One trondhjemitic rock from Lontra dome (sample 
90-05) has a pattern more or less similar to that of the granitic gneisses in terms of 
the relative Ce enrichment. However, the Ba content in this sample is lower than that of 
the granitic rocks.
The Cantao gneiss has a quite distinctive geochemical pattern. In the sample 88- 
22, for instance, the concentration of all considered elements are higher than ORG (Fig. 
21). In the other two samples the content of K2O, Rb, Ba, Th, Ta, Nb and Ce, is higher 
than ORG. The concentration of Hf, Zr and Sm are slightly lower or similar to ORG , 




























Figure 21- Geochemical patterns of the basement gneisses of the Araguaia belt. Normalized by Ocean Ridge Granite (ORG) 
after Pearce et al. (1984)
88-16. In general, the augen gneisses (Cantao Gneiss) are more enriched in the 
considered elements than the gray gneisses and the granitic gneisses relative to ORG.
In Figure 22 representative samples of the basement gneisses of the Araguaia belt 
are compared with the two samples of the Arco Verde Metatonalite. The field defined by 
the two samples of this orthogneiss of the Amazonian Craton lies within the pattern 
defined by the representative samples of the gray gneisses, and displays a  geochemical 
pattern similar to those of the granitic gneisses. The Cantao Gneiss shows geochemical 
patterns quite different from those of the Arco Verde Metatonalite.
Since there is a suggested geochemical similarity between the Cantao Gneiss and 
the Middle Proterozoic anorogenic granites of the Amazonian Craton some diagrams that 
have been used to investigate the nature of the anorogenic granites in this cratonic region 
(Dall'Agnol et al., in press), are used here in order to examine the possible anorogenic 
origin of the Cantao Gneiss. Although the number of samples of this augen gneiss used in 
these diagrams is less than ideal for a conclusive interpretation, it is possible to 
examine the geochemical similarities outlined in the previous diagrams. The Rb vs.
Y+Nb diagram (Pearce et al., 1984) (Fig. 23), the (Na2 0 +K2 0 )/Ca0  vs. Zr+Nb+Ce+Y 
diagram (Whalen et al., 1987)(Fig. 24) and the Ga vs. AI2 O3 diagram (Collins et al., 
1982) (Fig. 25) were selected for these comparisons. In addition, these diagrams also 
emphasize the discrimination between the Cantao Gneiss and the other basement gneisses 
of the Araguaia belt.
The Rb vs. Y+Nb diagram (Fig. 23) is one of the discrimination diagrams 
developed by Pearce et al. (1984) to identify granitic rocks of different tectonic setting. 
In this diagram, two samples of the Cantao Gneiss plot inside the field defined by Within 
Plate Granites (WPG) and the sample 88-16 (that with Y content lower than ORG) plots 
closer to the border of the fields for syn-Collision and Volcanic Arc Granites. The field 
for the Jamon and Musa granites has the same behavior, as it lies mainly in the Within 
















Figure 22- Geochemical patterns of representative basement gneisses of the Araguaia belt compared with the geochemical 
pattern of the Arco Verde Metatonalite (AVtn) of the Amazonian Craton. The gray field represente the 
variations in the geochemicai pattern of the two samples of the AVtn analyzed in this work. Normalized by 


















Figure 23- Plot of the basement gneisses of the Araguaia belt and of the Arco Verde 
Metatonalite on the Rb vs. Y+Nb discriminant diagram based on Pearce et al. 
(1984). Abbreviations as in Table 4 and Figures 17 and 18.
Fields for Jamon and Musa granites after Dall'Agnol et al. (in press).
Reids for syn-Collision Granites (syn-COLG), Volcanic Arcs Granites (VAG), 
Within Plate Granites (WPG) and Ocean Ridge Granites (ORG) after Pearce 
et al. (1984)
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similarity between the Cantao Gneiss and the Jamon and Musa granites as suggested in 
the diagram emphasizes the possible intracratonic nature of the Cantdo Gneiss.
Samples of the gray and trondhjemitic gneisses of the Araguaia belt, as well as the 
two samples of the Arco Verde Metatonalite, plot inside the Volcanic Arc Granites. 
However, considering that the application of this kind of discriminant diagram for 
Archean rocks is not recommended (Pearce et al., 1984), the information displayed in 
this diagram is of benefit only to emphasize the geochemical distinction between the 
Cantao Gneiss and the rest of the gneissic rocks of the Araguaia belt.
Most of the anorogenic Middle Proterozoic granites are interpreted as A-type 
granite (Anderson, 1983; Happala and RSmd, 1990) which is a rock characterized by 
high Si02, Na2 0 +K2 0 , Fe/Mg , F, Zr, Nb, Ga, Sn, Y and REE (except Eu), and low CaO, 
Ba, and Sr (Loiselle and Wones, 1979; Collins et al., 1982; White and Chapel, 1983 
and Whalen et al.,1987). The Jamon and Musa granite have been interpreted as 
Magnetite-type granites probably similar to the Caledonian l-type granite, while the 
rest of the Middle Proterozoic granites of the Amazonian Craton are thought to be A-type 
granite (Dall'Agnol et al. 1987, Macambira et al., 1990). However, recent studies using 
more extensive trace element data have suggested that the Jamon and Musa granites, as 
well as the other anorogenic granites of the Amazonian Craton, have geochemical features 
similar to those of the anorogenic A-type granites of North America and Finland 
(Dall'Agnol et al., in press).
The (Na2 0 +l<2 0 )/CaO vs. Zr+Nb+Ce+Y diagram (Whalen et al., 1987) have been 
applied specifically to distinguish A-type granite from the other types, and is used here 
to investigate if the Cantao Gneiss presents any geochemical similarity with the A-type 
granite such as the anorogenic granites of the Amazonian Craton. The three samples of the 
Cantao Gneiss plot outside the field defined for the I-, S- and M-type granites and 
therefore, in the expected A-type region (Fig. 24). The same is true for the field defined 
by the Jamon and Musa granites. Thus, the possible A-type nature of the Cantao Gneiss is
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Figure 24- Plot of the basement gneisses of the Araguaia belt on the (Na20+K20)/Ca0 
vs. Zr+Nb+Ce+Y diagram based on Whalen et al. (1987). Field for Jamon and 
Musa granites based on Dall'Agnol et al. (in press). Abbreviations as Figures 17 an 18 
Fields for fractionated felsic granites (FG); unfractionated M-, I-, and S- type 
granites (OGT), and the A-type granite average ( 0  ) are from Whalen et al. (1987).
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suggested by this diagram. The samples from the other gnelssio rook of the Araguaia hell 
plot essentially In the field defined by the unfraotionated I-. S-, and M-type granites.
The Ga content of a granitic rock la also considered to be diagnostic feature of the 
A-type granites (Collins et al., 1082). The Figure 25 shows a plot Qa vs. AI203 tor the 
basement gneisses of the Araguaia belt. The samples from the Cantao gneiss plot oulskle 
the Jamon & Musa granite field, because of the higher AljjOa content of Hie Cantao 
Gneiss. Those samples plot closer to the Australian l-type granites than the Australian 
A-type granite. Therefore, this diagram does not confirm the possible A-type affinity of 
the Cantflo Gneiss, although this possibility can not be ruled out due lo the small number 
of samples considered.
The trace element geochemistry of the basement rocks of the Araguaia bell support 
the interpretation from the major element data that the Cantao Gneiss Is a distinct body 
with geochemical characteristics very different from the other basement gneisses ol this 
bolt. It also suggests however that the Cantao Gneiss Is geochemically similar to the 
Jamon and Musa granites, which are part of the Middle Protero/oio anorogenic province 
of the Amazonian Craton. Although, more trace element data for the Cantao Gneiss is 
necessary for a conclusive Interpretation, the data available thus far suggest an 
intracratonic emplacement for the protolith of this augen gneiss and point toward an 
association of this rock with A-type granites. Ttie trace element data also suggest some 
geochemical similarities between the gray gneisses of the different dome structures, hut 
some geochemical differences between the gray gneisses and the associated granitic 
gneisses are indicated.
The rare earth element (REE) concentrations of the basement gneisses of Hie 
Araguaia belt were determined by instrumental neutron activation analysis (IhiAA) La, 
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Figure 25- Plot of the basement gneisses of the Araguaia belt in the Ga vs. 
diagram. Abbreviations as in Table 4.
Reid for Jamon and Musa granites based in Dall'Agnol et al. (in press). 
Reids for Australian A-type granite (AAG) and Australian l-type granite (AiG) 
after Collins et al. (1982).
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detection in 3 of the 15 samples analyzed (Tab. 7). The total REE concentration in the 
Cantdo Gneiss, which ranges between 393 and 703 ppm, is higher than the REE content 
in the gray gneisses and granitic gneisses. The total REE of the gray gneisses is below the 
total REE of the granitic gneisses, with the exception of gray gneiss sample 90-05 from 
the Lontra dome, that has the highest total REE of the gray and granitic gneisses (Tab. 7). 
The Cantao Gneiss in general, shows a  decrease in the REE concentration with the 
increase of Si0 2  content, however this kind of trend is not clear in the gray gneisses.
The REE diagrams, normalized after Haskin et al. (1968), display the highest 
concentration of the REE in the Cantao Gneiss (Fig. 26). The normalized La value (La^)
of the Cantao Gneiss is 330 to 570 times chondrite, while this value ranges between 
242 and 55 times chondrite for the gray and granitic gneisses. Lu j^ ranges between 8 and
30 times chondrite for the Cantao Gneiss and is less than 4.3 times chondrite for the 
rest of the basement gneisses. Ho is below the INAA limit of detection for the gray and 
granitic gneisses, while the normalized values of this element for the augen gneisses 
range between 13 and 44 times chondrite.
The REE diagrams indicate fractionated geochemical patterns where the light REE 
(LREE) are enriched relative to the heavy REE (HREE) for all samples analyzed of the 
basement gneisses of the Araguaia belt (Fig. 26). The La^/Yb^ ratios for the granitic
gneisses in the CocalSndia and Grota Rica domes (samples 90-37 and 88-13) are higher 
than those of the associated gray gneisses (Tab. 7). The granitic gneiss of the Grota Rica 
dome (sample 88-13) presents a higher LREE enrichment factor relative to the gray 
gneisses than the granitic gneiss of the Cocalandia dome (Tab. 7). This is shown by the 
steeper REE pattern of the granitic gneiss of the Grota Rica dome. The sample 90-05 
from the Lontra dome, with a LaN/YbN ratio of 114, has the steepest REE geochemical
pattern among the gray gneisses. It is even steeper than the REE pattern of the granitic 
gneiss of the Cocalandia dome.
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Table 7- Rare earth element (REE) data of the basement gneisses of the Araguaia belt 
and of the Arco Verde Metatonalite (AVtn) in the Amazonian Craton. Si02  values are 
included as a reference.
Lontra dome
9 0 -0 5 9 0 -0 6 9 0 -0 7
Si02 68 .84 70.16 73.15
La 70.0 18.4 22.1
ce 128.0 30.6 39.3
w 38.8 11.2 13.7
Sm 4.54 1.62 1.96
Eu 0 .90 0.53 0.52
Tb 0 .19 0.10 0.14
Ho
Yb 0 .37 0.18 0.38
Lu 0.042
I  REE 242.8 62.6 78.2
Eu/Eu* 0.958 1.392 1.069
LaN^bN 114.33 62.20 35.45
La|s|/Smfg 8.46 6.22 6.18
CeM/YbN 78.44 38.88 23.64
TbfyYbf^n 2.18 2.33 1.52
Cocalflndia dome AVtn
9 0 -3 9 9 0 -4 0 9 0 -3 7 HZR-707 F -58
69 .46 71.92 71.93
17.0 15.0 43.2 32 .7 19.4
32.0 27.4 75.4 52 .3 33.3
13.8 10.1 22.9 15.6 10.8
2.68 1.61 2.99 1.38 1.67
0.65 0.51 0.63 0.66 0.60
0.19 0.26 0.68 0 .09 0.17
0.54 0.34 0.52 0 .25 0.49
0.065 0 .042 0.051 0.065
67.0 55.3 146.4 103.0 66.5
0.974 0.971 0.573 2.034 1.291
19.16 26 .56 50.08 80.54 23.83
3.48 5.12 7.93 12.96 6.37
13.55 18.23 32.78 48.34 15.30
1.52 3.20 5.52 1.47 1.46
Grota Rica dome
88-1 1 8 8 -0 8 88-1  3
Si02 65.44 66.24 71.89
La 24.6 27.7 54.4
ce 50.2 48.4 89.9
Nd 19.9 20.3 36.6
Sm 3.80 3.71 2.95
Eu 1.07 1.00 0.53
7b 0.42 0.43 0.11
H3
Yb 1.12 0.96 0.19
Lu 0.15 0.13
£REE 101.3 102.7 184.6
Eu/Eu* 0 .986 0.920 0.890
La j^/YbN 13.27 17.55 172.62
La|vj/SmN 3.55 4.10 10.11
CeN/YbN 10.16 11.48 106.93
Tbfg/Ybn4n 1.59 1.92 2.50
Cantao dome
FC-127 8 8 -2 2 8 8 -1 6 8 8 -2 3
66.30 68.10 71.23 72.69
190.2 134.1 109.1 136.4
349.9 238.1 198.0 220.6
132.8 103.4 72.0 82.5
17.93 15.39 9.42 9.26
2.29 2.07 1.03 0.99
2.00 1.72 0 .57 0.63
1.98 3.11 1.18 0.94
5.19 6.93 1 .83 1.84
0.69 1.01 0.28 0.31
703.0 505.7 393.3 453.4
0.445 0 .470 0.469 0.439
22.22 11.73 36.17 44.91
5.82 4.78 6.35 8.08
15.33 7.81 24.63 27 .23
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Figure 26- Chondrite-normalized (Haskin et al., 1968) REE pattern of the basement gneisses of the Araguaia belt. 
Calculated normalized Gd values are derived by linear extrapolation between Sm and Tb.
The Lafg/SmN ratios indicate that gray gneisses of the Lontra dome have a  more 
fractionated LREE pattern than the gray gneisses of the Grota Rica and Cocal&ndia domes 
(Tab. 7). The granitic gneiss of the Grota Rica dome has a steeper LREE pattern than the 
granitic gneiss of the Cocaldndia dome as shown by the higher La^/SmN of the Grota Rica 
granitic gneiss. The La^/Smfg ratios for the augen gneisses is within the range of this
ratio for the gray and granitic gneisses, however, an increase in the LREE fractionation 
with the increase in the Si02 content in the Cantao Gneiss is suggest by the La^/Sm^
ratios.
The Tbjsj/Ybfg ratio is used to evaluate the fractionation in the HREE (Tab. 7). A 
change in the behavior of the fractionation pattern of the granitic gneisses is seen in 
Figure 26. The granitic gneiss of the Cocaldndia dome (sample 90-37) shows a steeper 
HREE pattern. This may indicate the greater involvement of a mineral(s) with more 
affinity for the HREE (garnet for instance) in the process of generation of the granitic 
gneiss of the Cocalandia dome. The TbN/Ybrg ratio in the Cantao Gneiss is between 1.05 
and 1.64 and indicates a flatter pattern for these augen gneisses relative to the other 
basement gneisses of the Araguaia belt.
The steep REE patterns presented by the gray and granitic gneisses are due to the 
depletion in HREE in these gneisses. After Beakhouse and McNutt (1991), low Y 
abundances are suggestive of HREE depletion. The gray and granitic gneisses have very 
low Y content which in some cases is lower than the limit of detection XRF analysis (Tab. 
5). In contrast, the steep REE pattern presented by the Cantao Gneiss seem s to be related 
with the relative enrichment in LREE (Fig. 26). The petrogenetic implication of this 
observation is that Cantao Gneiss must have had a different source for its formation, 
otherwise it should have the sam e level of depletion in HREE presented by the gray and 
granitic gneisses. The partial melt of a garnet bearing amphibolite and/or eclogite has 
been argued to explain the extreme depletion in HREE in the Archean TTG suite (Jahn et 
al., 1981; Martin, 1987 and Rapp et al., 1991)
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The Eu anomaly of these basement gneisses, calculated by the equation 
Eu/Eu*=EuN/(Sm|q*GdN)1/2, also indicates a  different geologic evolution for the
Cantao Gneiss (Tab. 7). The augen gneiss also has a moderate Eu anomaly 
(Eu/Eu*=0.439-0.470) while the gray gneisses present a slightly negative or positive 
Eu anomaly (Eu/Eu*=0.920-1,392), and the granitic gneiss of the Grota Rica dome has 
a  very small Eu anomaly (Eu/Eu*= 0.890) . A moderate Eu anomaly (Eu/Eu*=0.573) 
is presented by the granitic gneiss of the Cocaldndia dome, however the HREE depletion in 
this granitic gneiss rule out any similarity between the REE geochemical pattern of this 
gneissic rock with that of the Cantao Gneiss.
A comparison between the REE pattern of the basement gneisses of the Araguaia 
belt with the REE pattern of the Kivijdrvi gray gneiss (s.s.) (Martin, 1987) and the 
Arco Verde Metatonalite is shown in figures 27 and 28. The field defined by the REE 
pattern of the Kivijdrvi gray gneiss is very similar to the REE pattern of the gray and 
granitic gneisses of the Araguaia belt (Fig. 27). The field defined by the two samples of 
the Arco Verde Metatonalite (Tab. 7) display a  significant overlap with the gray and 
granitic gneisses of the Araguaia belt (Fig. 28). All these Archean gneisses show roughly 
the same level of LREE and HREE content, they display the same steep REE pattern, and 
they also share a HREE depletion which has been described as the striking characteristic 
of the Archean TTG gneisses throughout the world (Jahn et al., 1981; Martin, 1987; 
Nedelec et al., 1990 and Beakhouse and McNutt, 1991). The higher total REE content of 
the Cantao gneiss and its moderate negative Eu anomaly stress the singular geochemical 
character of this augen gneiss, and emphasize the striking difference between the Cantao 
Gneiss and the rest of the basement gneisses of the Araguaia belt.
A comparison between the REE pattern of the Cantao Gneiss (samples FC-127, 
88*23, 88-22 and 88-16) and the field defined by the REE pattern of the Jamon 
Granite (Fig. 29) indicates that the Jamon Granite presents a moderate Eu anomaly, and 
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Rgure 27- Chondrite-normalized (Haskin et al., 1968) REE pattern of the granitic gneisses 
and representative samples of the gray gneisses of the Araguaia belt compared 
with the field defined by the REE pattern of the CantSo Gneiss and the field defined 
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Figure 28- Chondrite-normalized (Haskin et al., 1968) REE pattern of granitic gneisses 
and representative samples of the gray gneisses of the Araguaia belt compared 
with the field defined by the REE pattern of the Cantao Gneiss and the field 
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Figure 29- Chondrite-normalized (Haskin et al., 1968) REE pattern of the Cantao Gneiss 
and of the granitic gneisses of the Araguaia belt, and the field defined by the 
REE pattern of the Jamon Granite after Dall'Agnol et al. (in press).
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the granitic gneisses of the Araguaia belt (samples 90-37 and 88-13) is very 
different from that of the Jamon Granite as indicated in Figure 29. This figure strongly 
suggests that the similarity between the the Middle Proterozoic granitic rocks of the 
Amazonian Craton and the Cantao Gneiss is greater than the similarity between this 
augen gneiss and the other basement gneisses of the Araguaia belt. This observation, 
suggested by the major and trace element geochemistry, is also stressed by the REE 
geochemistry for the Araguaia belt basement gneisses.
Although there are some geochemical differences between the grey gneisses and the 
granitic gneisses in terms of major and trace elements, the very low Y content and the 
depletion in heavy REE in both groups of gneisses suggest that they may have had a 
common origin.
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IV- GEOCHRONOLOGY OF THE BASEMENT ROCKS OF THE ARAGUAIA BELT
Geochronological information about the basement orthogneisses and supracrustal 
rocks of the Araguaia Belt is restricted to isotopic ages determined by Rb-Sr and K-Ar 
methods. Based on these studies, the basement rocks of this belt have been interpreted as 
Archean rocks that were affected by several episodes of metamorphism and deformation 
related to the Jequid (2.9-2.5 Ga), Transamazonian (2.1-1.8 Ga), Uruaguano (1.3-1.0 
Ga) and Brasiliano (700-450 Ma) thermo-tectonic cycles (Hasui et al., 1980; Cunha 
et al., 1981 and Lafon et al., 1990). Orthogneisses, representing Middle Proterozoic 
granitic rocks intrusive into the Archean rocks, have also been reported among the 
basement rocks of this belt (Souza, 1984 and Dall’Agnol et al., 1988).
The Rb-Sr whole rock ages for these basement gneisses range roughly between 2.6 
and 1.8 Ga, while the Rb-Sr and K-Ar mineral ages are around 500 Ma (Tab. 8) (Hasui 
et al., 1980; Cunha et al., 1981, Macambira, 1983, Souza,1984 and Lafon et al.,
1990). Due to the inherent limitations of the Rb-Sr and K-Ar isotopic systems in 
polymetamorphic terrains, and the low accuracy and precision of most of the published 
analytical data, there are some major disagreements concerning the geochronological 
interpretation of these data. The Rb-Sr ages around 1.8 Ga, for example, have been 
interpreted as resetting age in some places (Hasui et al., 1980, Cunha et al., 1981) and 
as crystallization ages in other sites (Macambira, 1983 and Souza, 1984). The main 
question that arise from these geochronologic interpretations is whether the basement 
gneisses which crop out in the core of dome-like structures are coeval, and consequently 
part of a single lithostratigraphic unit, or not. If not, what are the relationships among
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Table 8- Rb-Sr whole rock and  K-Ar mineral a g e s  for the rocks of the  A raguaia belt*
stratigraphic unit 
(dome structure)
rock type Age (Ma) Reference
K-Ar
Colm6ia Complex gneiss biotite 5 3 5 ± 1 7 Macambira (1983)
(Lontra dome)
Colm£ia Complex gneiss muscovite 5 3 1 ± 1 3 Macambira (1983)
(Lontra dome)
Estrondo Group schist biotite 5 5 3 ± 16 Macambira (1983)
Estrondo Group schist biotite 5 1 8 ± 12 Macambira (1983)
Estrondo Group schist muscovite 5 3 3 ± 1 6 Macambira (1983)
Estrondo Group amphibolite hornblende 5 5 8 ± 3 2 Macambira (1983)
Estrondo Group amphibolite hornblende 5 6 5 ± 2 0 Macambira (1983)
R b-Sr
Colm6ia Complex gneisses and migmatites 2 5 9 1 ± 6 4 Cunha et al. (1981)
(Colmdia dome)
Colmeia Complex gneisses and migmatites 18 3 4 ± 3 9 Cunha et al. (1981)
(Colmdia dome)
Colmeia Complex gneisses 2 2 3 9 ± 9 5 Lafon et al. (1990)
(Colmdia dome)
Colm6ia Complex gneisses 2 5 3 0 ± 2 0 0 Lafon et al. (1990)
(Grota Rica dome)
Colm6ia Complex gneisses 19 7 2 ± 4 6 Macambira (1983)
(Colmeia dome)
Cantao Gneiss gneisses 1774±31 Souza (1984)
(Cantao dome)
* uncertainties are given at 1o.
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them. Additionally, it is important to understand if the Rb-Sr whole rock ages in fact 
represent resetting ages related to a thermo-tectonic event, or events mentioned above.
In order to investigate these problems one needs to determine the age of 
crystallization of these basement gneisses by using an isotopic system that retains 
information regarding the age of formation of a rock unit in spite of the effects of 
tectono-metamorphic events. U-Pb isotopic systematics in zircon are presently the 
most powerful isotope technique able to determine the age of crystallization of these 
orthogneisses. In this work, the conventional U-Pb dating of zircons and the single 
zircon Pb-evaporation dating techniques were used in order to determine the age of 
crystallization of the protolith of the basement gneisses cropping out in the core of 
dome-like structures in the Araguaia belt. In addition, a review of the existing K-Ar and 
Rb-Sr data are presented as well as the Rb-Sr whole rock and mineral ages generated in 
this study. One goal is to evaluate the behavior of the Rb-Sr system in order to interpret 
the meaning of the Rb-Sr ages obtained for these orthogneisses, in terms of 
crystallization and/or resetting ages.
The Sm-Nd system was used in this study to determine the model ages of the 
basement gneisses. The model ages allow determination of the crustal residence time of 
these basement orthogneisses of the Araguaia belt and, with the support of the other 
geochronological data, define the relationship among these orthogneisses. In addition, the 
model ages constitute major support for the geochemical and geochronological 
interpretations developed in this study concerning the origin and evolution of these 
basement orthogneisses.
The age of structural evolution of the Araguaia belt is also a  point of major 
disagreement at present. The formation of this belt has been related to the thermo- 
tectonic events of the Brasiliano cycle (Macambira, 1983; Santos et al., 1984 and 
Dall'Agnol et al., 1988), the Urua9uano cycle (Hasui et al., 1981 and Hasui et al.,
1984a) and Transamazonian cycle (Cunha et al., 1981). Recently, Hasui and Costa
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(1990) suggested that the Araguaia belt may have been formed in the Archean eon. Once 
again, the lack of consistent geochronological data has led to these different opinions. In 
this study the age of structural development of the Araguaia belt is investigated by 
determining zircon ages of syntectonic granitic veins associated with the supracrustal 
rocks of this belt.
K-Ar System atics
Although numerous K-Ar data for the supracrustal rocks of the Araguaia belt 
exist, the application of K-Ar systematics to the investigation of the ages of the basement 
gneisses exposed in the core of the dome-like structures of this belt is restricted to the 
gneissic rocks of the Lontra dome. Macambira (1983) reported biotite and muscovite K- 
Ar ages of 535±17 Ma and 531 ±13 Ma, respectively, for the basement gneisses of this 
dome. These ages are similar to the biotite (553±16 Ma and 518±12 Ma) and muscovite 
(533±16 Ma) K-Ar ages, reported by the same author, for the mica schists cropping 
out at the outskirts of the Lontra dome. The hornblende from amphibolites associated 
with these mica schists gave K-Ar ages of 558±32 Ma and 565±20 Ma (Tab. 8).
The biotite and muscovite K-Ar ages of the basement gneisses of the Lontra dome 
were interpreted as resetting ages related to the Brasiliano cycle which Macambira 
(1983) argued as the tectono-metamorphic event that generated the Araguaia belt. The 
older K-Ar ages of the hornblende of the amphibolites relative to those of the biotite and 
muscovite in both supracrustal and basement rocks are in agreement with the behavior 
of the K-Ar system in metamorphic terrains. The temperature of the metamorphism that 
affected the basement gneisses during the structural development of the Araguaia belt is 
estimated at 600 to 650°C (Santos et al., 1984 and Teixeira et al., 1985). This is more 
than enough to cause total or partial 40Ar loss thus resetting the K-Ar clock in the
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biotite and muscovite, whose blocking temperature for radiogenic 40Ar diffusion from 
these minerals ranges between 350 and 400°C (Geyh and Schleicher, 1990).
The temperature of the metamorphism that affected the supracrustal sequences of 
the Estrondo Group is estimated at 550°C (Souza, 1984 and Teixeira, 1984). This 
temperature is similar to the blocking temperature for radiogenic 40Ar diffusion out of 
the hornblende which is estimated to be above 530±40°C (Harrison and MacDougal,
1980). The highest blocking temperature for radiogenic 40Ar in hornblende indicates 
that the K-Ar clock for this mineral starts before those of the biotite and muscovite. 
Therefore, the older K-Ar ages of the hornblende relative to those of the biotite and 
muscovite of both supracrustal and basement rocks (Macambira, 1983) is in agreement 
with this principle. The K-Ar data defines the cooling age of both basement and 
supracrustal rocks that underwent a metamorphic event probably less than 600 Ma ago 
as proposed by Macambira (1983).
Rb-Sr Systematics
Since the beginning of the 1980's, Rb-Sr systematics have been applied in 
investigations of the ages of the basement rocks of the Araguaia belt. Rb-Sr ages in whole 
rock samples were obtained for the gneissic rocks of the Lontra and Colm6ia domes 
(Hasui et al., 1980; Cunha et al., 1981; Macambira, 1983 and Lafon et al., 1990). The 
age of the Cantao Gneiss was investigated by both Rb-Sr whole rock and mineral analyses 
(Souza, 1984 and Lafon et al., 1990). The Rb-Sr ages obtained in these studies 
generally suggest that the Rb-Sr system was partially or totally reset by metamorphic 
events that affected these orthogneisses after the emplacement of their igneous 
protoliths. The exception may be the Rb-Sr whole rock age of the Cantao Gneiss that has 
been interpreted, with some precautions, as the age of crystallization of the igneous 
protolith (Souza, 1984 and Dall'Agnol et al., 1988).
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The uncertainties in the geochronologic interpretations of the Rb-Sr results in 
these basement gneisses increase when one considers that these investigations were not 
systematic and were done by different groups of people. Therefore, there is the strong 
possibility that the low reproducibility of the Rb-Sr results may be related not only to 
the polymetamorphic character of these gneisses but also to sampling problems.
Previous Rb-Sr data for the gneissic rocks of the Colmdia dome (Cunha et al., 1981) are 
used in this study to illustrate a case where the mixing of rocks sampled by different 
people in separate studies may have led to the geochronological misinterpretation of the 
Rb-Sr results.
The best way to try to avoid misinterpretations of the Rb-Sr data in 
polymetamorphic terrains is to develop a systematic mode of investigation where the 
sampling and the analytical work are done by one person or one group of people working 
together. In this case, behavior of the Rb-Sr system may be better understood and the 
geochronologic interpretations more consistent.
In this work, a systematic Rb-Sr whole rock study was developed in the basement 
gneisses exposed in the core of the Lontra, Grota Rica, Cocalandia and Cantao domes. The 
goal of this study was to determine the Rb-Sr whole rock ages of these rocks and, with 
the support of U-Pb zircon age data, to interpret the meaning of these ages. In those 
gneisses which have been previously dated by the Rb-Sr method, the data generated in 
this study have allowed a comparison and discussion of the consistency of the Rb-Sr 
results. This procedure was very helpful in evaluating the behavior of the Rb-Sr system 
in the basement gneisses of the Araguaia belt and consequently, in the interpretation of 
the Rb-Sr ages.
During the sampling for this study, weathered rocks and those parts of the rock 
that suggests a clear mobilization of the Rb-Sr system such as fractures, veins and 
leucosomes were avoided. The sampling was usually conducted in one large outcrop, or in 
outcrops located not far from each other. This procedure was adopted to try to avoid
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sampling gneissic rocks that could not be related. This approach, however, was not very 
helpful in getting a good spread of the samples in the Rb-Sr isochron diagram. The 
sampling preparation for analyses is described in the Appendix III.
The Rb-Sr isotopic analysis of the Cantao, Grota Rica and Cocal&ndia domes were 
performed by the author at the Laboratory of Mass Spectrometry at the University of 
New Hampshire (LMS/UNH) using a 9-inch radius, 60° deflection, Z-focusing, thermal 
ionization, solid source mass spectrometer. The Rb and Sr isotopic analyses followed the 
standard analytical procedures used a t LMS/UNH (Cheatham, 1985). The Sr isotopic 
data were normalized to 84Sr/86Sr = 0.1194. The experimental errors associated with 
87Rb/86Sr and 87Sr/86Sr ratio determinations used in this work are those 
determined for the LMS/UNH which are 1% and 0.07% respectively, at 1o. The 
regression through the points and the age calculation were done using a York regression 
(York, 1966 and 1969). Unless specified, the uncertainties associated with the age and 
the 87Sr/86Sr initial ratio determination are always given at 2o. During the course of 
the Rb-Sr analyses the standard NBS 987 was run 8 times and the average 87Sr/88Sr 
obtained was 0.71032±10. Published value for this standard is 0.710257±27 (Geist et 
al., 1988). The isotopic analysis of the Lontra dome was conducted by Dr. J.M. Lafon at 
the Laboratdrio de Geologia Isotdpica at the Universidade Federal do Pard (LGI/UFPa) 
using a VG solid source mass spectrometer. The Rb-Sr data of the Lontra dome were 
calculated following the standard procedures of the LGI/UFPa described in Macambira 
(1992). The uncertainties of age and the 87Sr/88Sr initial ratio determinations are 
also given at 2o.
The_Colmdia_DQme Structure
Hasui et al. (1980) published preliminary Rb-Sr whole rock geochronological 
data for the basement gneisses of the Colmdia dome. Although this Rb-Sr data displayed a 
great deal of scatter in the isochron diagram, Hasui et al. (1980) fitted two reference
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isochrons through these points, one with an age of 2.7 Ga and a second with 1.8 Ga These 
ages are within the age range of the Jequid (2.9-2.5 Ga) and Transamazonian {2.1 -1.8 
Ga) thermo-tectonic cycles that have been widely recognized in other regions of Brazil. 
As a result, Hasui et al.(1980) interpreted the Rb-Sr data of the gneissic rocks of the 
Colmdia dome as indicative of resetting of the Rb-Sr system during these two thermo- 
tectonic events.
A detailed presentation of the data mentioned above was reported by Cunha et al. 
(1981) that fitted two regression lines through the points. The first one was fitted 
through 8 points and defines an age of 2591±64 Ma (1a) with a ®7Sr/86Sr initial 
ratio (I.R) of 0.705±0.001(1o). The second line was fitted through 4 points and defines 
an age of 1834±38 Ma (1a) with a I.R. of 0.715±0.001 (1o). Their interpretation of 
these ages was similar to those previously suggested by Hasui et al. (1980). 
Unfortunately, Cunha et al. (1981) did not specify the values of the Mean Square of 
Weighted Deviates (MSWD) of these regression lines so the reader cannot evaluate if 
they constitute isochrons, or if in fact they should be termed errorchrons (Brooks et al., 
1972). Additionally, Cunha et al. (1981) did not explain the geologic reasons that led 
them to split the data from these gneissic rocks into two different sets of samples in the 
Rb-Sr isochron diagram.
A detailed examination of the Cunha et al. (1981) Rb-Sr data shows that these 
rocks, although analyzed in the same laboratory, were collected by two different groups 
of people developing independent geologic investigations in the Colmdia region. One group 
was led by Cunha himself and the other conducted by the geologist Haroldo Sd. In the Rb- 
Sr data presented by Cunha et al. (1981) there are 6 samples collected by his group and 
6 samples collected by Haroldo Sd. For the calculation of the 2591164 Ma Rb-Sr age, 4 
samples were used from each group, while the 1834138 Ma Rb-Sr age was calculated 
using two samples from each group (Fig. 30a and Tab. 9). The mixing of samples 
collected by different people is not a desirable procedure in geochronologic
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investigations. It may be acceptable if one can demonstrate that the results are not 
significantly changed by the addition of one or more samples, collected by a third person, 
to the original set of samples (Martin et al., 1983b).
The data presented by Cunha et al. (1981) was reworked in this study. The York 
regression was performed for the Rb-Sr data of each set of samples separately. The 
errors associated with the ®^Rb/®®Srand 8 7sr/86g r determinations were assumed to 
be those of the LMS/UNH, since Cunha et al. (1981) did not provide this information.
For the samples collected by Haroldo Sd, an errorchron (MSWD=22.49) indicating an 
age of 2219±308 Ma was obtained, while for the gneisses sampled by Cunha's group the 
errorchron (MSWD=132) obtained suggested an age of 2198±410 Ma (Fig. 30b). 
Although the statistical results are not good, the age obtained by each set of samples 
individually is very similar. By mixing these samples the best fitted regression line is 
an errorchron (MSWD=63.3) indicating an age of 2207±250 Ma with an I.R. of 
0.7100±0.0048, which is not significantly different from those ages calculated for each 
set of samples. Consequently, a more rigorous treatment in this investigation of the Rb- 
Sr data presented by Cunha et al. (1981) suggests that the Rb-Sr system does not record 
clearly the presence of the Jequid and/or Transamazonian tectono-metamorphic events 
in the basement gneisses of the Colmdia dome as proposed previously by Hasui et al. 
(1980) and Cunha et al. (1981).
A second geochronological study for the basement gneisses of the Colmdia dome, 
based on whole rock Rb-Sr systematics, was presented by Lafon et al. (1990). They 
obtained an age of 2239±95 Ma, defined by 6 points, and an I.R. of 0.7088±0.0013 
(Fig. 30c). The age obtained by Lafon et al. (1990) is quite different from those 
presented by Cunha et al. (1980), but very similar to the ages recalculated in this study 
based on the data of these authors. The MSWD of 3.73 for the isochron presented by Lafon 
et al. (1990) is a little larger than 2.5 which is the maximum value for MSWD 
suggested by Brooks et al. (1972) to explain the scatter around the regression line
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Table 9- Rb-Sr isotopic data for the basem ent gneisses of the Colmeia dome
Sample# Rb(ppm) Sr(ppm ) Rb/Sr 87Rb/86S r 8 7 S r/8 8 S r Reference
CM-06 134.8 367.9 0 .37 1.07 0.7469 Cunha et al. (1981) t
CM-07 66.7 501.3 0.13 0.39 0.7204 Cunha et al. (1981) f
CM-09 80.6 379.6 0.21 0.62 0.7285 Cunha et al. (1981) f
HSCM-20* 217.9 394.6 0.55 1.16 0 .7587 Cunha et al. (1981) t
HSCM-21 154.6 351.0 0.44 1.28 0.7532 Cunha et al. (1981) t
HSCM-22* 201.7 302.0 0.67 1.95 0.7684 Cunha et al. (1981) f
RM-164.1 163.6 316.9 0.52 1.50 0.7609 Cunha et al. (1981)
BC-38.2* 197.8 107.7 1.84 5.39 0 .8533 Cunha et al. (1981)
BC-35 186.2 362.3 0.51 1.50 0.7608 Cunha et al. (1981)
BC-37.1 109.4 99.8 1.1 3.38 0.8310 Cunha et al. (1981)
BC-21 99.1 477.7 0.21 0.60 0.7248 Cunha et al. (1981)
BC-04* 55.1 583.3 0.09 0 .27 0.7216 Cunha et al. (1981)
AJR75-D 135 405 0.33 0 .9700 0.74040 Lafon et al. (1990)
AJR75-C 94 412 0.23 0.6592 0.72996 Lafon et al. (1990)
AJR75-0 127 385 0 .33 0.9566 0 .74039 Lafon et al. (1990)
AJR75-G 154 296 0.52 1.5076 0.75741 Lafon et al. (1990)
AJR75-N 129 296 0.44 1.2599 0.74968 Lafon et al. (1990)
AJR75-M 177 312 0.57 1.6523 0 .76097 Lafon et al. (1990)
AJR75-A 92 250 0 .37 1.0386 0.73985 Lafon et al. (1990)
t-  samples collected by Haroldo Sa.
*- samples used by Cunha et al (1981) to calculate the Rb-Sr age of 1834±39Ma.
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Figure 30- Rb-Sr isochron diagram for the gneissic rocks of the 
Colmeia dome. N= nunber of samples.
a) Cunha et al.(1981), uncertainties are quoted at 1s
b) data from Cunha and coworkers recalculated in this study.
c) Lafon et al. (1990), uncertainties are quoted at 1s
caused only by the experimental error associated with the determination of the 
87Rb/86Sr and 87Sr/86Sr ratios. However, the value of the MSWD is a function of 
these experimental errors and the smaller the error, the larger the MSWD value. The 
errors associated with the determination of the 87Rb/86Sr and 87Sr/86Sr ratios used 
by Lafon et al. (1990) are internal errors obtained during the m ass spectrometer 
analysis at the LGI/UFPa. Consequently these errors are underestimated, and have caused 
an increase in the MSWD values. If these errors were calculated from replicated 
analysis, as recommended by Brooks et al. (1972), they would be larger and the MSWD 
value would be smaller than 3.73.
To illustrate this point the Rb-Sr data from Lafon et al. (1990), shown in Table 
9, were recalculated using more realistic errors of 1% and 0.025% at 1o for the 
87Rb/86Sr and 87Sr/86Sr ratios, respectively. The value of MSWD obtained was 2.22 
which is below the 2.5 value suggested by Brooks et al. (1972). This point is 
emphasized merely to suggest that the isochron presented by Lafon et al. (1990) is of 
good reliability, and therefore supports the suspicion that a Rb-Sr age around 2.2 Ga, 
with variable uncertainties, is the best estimation that one can get for the gneissic rocks 
of the Colmeia dome.
The Rb-Sr age obtained by Lafon et al. (1990) was interpreted as a partial 
resetting of the Rb-Sr system during the Transamazonian cycle. This assumption seems 
to be geologically attractive since the Rb-Sr age reported by these authors is a little 
older than the age range of the Transamazonian cycle (2 .1-1.8 Ga) and significantly 
younger than that of the Late Archean Jequid cycle (2.9-2.5 Ga). However, structures 
and mineral growth related with a possible metamorphic episode of Transamazonian age 
has not been recognized in the basement gneisses of the Colm6ia dome (Cunha et al.,
1981). In fact, the generation of penetrative structures and mineral recrystallization 
related with the structural development of the Araguaia belt erased almost totally any 
clues of previous metamorphic events (Abreu, 1978; Costa, 1980 and Teixeira, 1984).
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The influence of this last strong metamorphic event in the partial resetting of the Rb-Sr 
system has been thus far underestimated.
If one considers that the basement gneisses of the Colmdia dome may be Archean in 
age, the Rb-Sr ages only indicate a partial resetting of the Rb-Sr system during a 
subsequent metamorphic event. They do not provide sufficient information to determine 
the age(s) of the event(s) that affected these rocks. On the other hand, the Rb-Sr data do 
not allow one to rule out the possible existence of the Jequi6 and Transamazonian events 
in the gneissic rocks of the Colmdia dome. Unless these events can be clearly and 
consistently demonstrated by the Rb-Sr data in the other basement gneisses of the 
Araguaia belt, the Rb-Sr whole rock systematics will prove to be unsatisfactory in 
detecting prior tectono-thermal events in these polymetamorphic basement gneisses.
The Lontra Dome Structure
A Rb-Sr whole rock age for the trondhjemitic gneisses of the Lontra dome was 
presented by Macambira (1983). The regression line fitted through 4 points gave an age 
of 1972±46 Ma (1o) with an I.R. of 0.7082±0.0009 (1o). The MSWD of 0.95 led 
Macambira to consider this regression line as a "true isochron* (Fig. 31a). Macambira 
(1983) did not clearly relate the Rb-Sr age to any thermo-tectonic event prior to the 
formation of the Araguaia belt. He only suggested that the trondhjemitic gneisses of the 
Lontra dome could not be Archean in age and consequently, avoided correlating these 
rocks with those gneisses of the Colm6ia dome. The Rb-Sr data presented by Macambira 
were reinterpreted by Lafon et al. (1990) who suggested two alternative hypotheses to 
explain these Rb-Sr ages. In the first hypothesis, they interpreted the Rb-Sr age as 
indicative of a  total resetting of the Rb-Sr system during the Transamazonian thermo- 
tectonic event. In a second hypothesis, they considered these trondhjemitic gneisses as a 
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Figure 31- Rb-Sr isochron diagram for the basement gneisses of the Lontra dome.
A) Macambira (1983), uncertainties a t 1o.
B) this work.
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(1990) emphasized the role of the Transamazonian thermo-tectonic cycle either 
generating or reworking the trondhjemitic gneisses of the Lontra dome.
The Rb-Sr investigation carried out in this study on the trondhjemitic rocks of the 
Lontra dome did not confirm the age obtained by Macambira (1983). This study shows an 
extremely disturbed Rb-Sr isotopic system indicated by an errorchron (MSWD=
47.54). The regression line, fitted through 8 points (Fig. 31b), indicates an age of 
2463±800 Ma which is older than that presented by Macambira (1983). However, the 
high uncertainty of the errorchron makes this geochronological data unacceptable. The 
Rb-Sr isotopic system may have suffered a great deal of remobilization as indicated by 
the abundant presence of white mica in plagioclase cleavage planes, and by the 
association of epidote with the plagioclase. In addition, some of these trondhjemites are 
strongly deformed as shown by the presence of plagioclase with mortar textures 
displaying pressure shadows. Coincidentally, the sam ples 90-06 and 90-04 (Tab. 10) 
that display the biggest scatter in relation to the regression line are also those that show 
the stronger deformation.
A regression line was fitted through 6 points by eliminating the sample 90-06 and 
90-04. The results were considerably improved, however the line obtained was still an 
errorchron (MSWD= 8.03). However, it is important to remember that the Rb-Sr 
isotopic determination for the trondhjemitic gneisses of the Lontra dome were performed 
at the LGI/UFPa, by Dr. J.M. Lafon where the experimental errors associated with the 
87Rb/86Sr and 87Sr/86Sr ratios are underestimated as discussed before. Consequently 
the use of more realistic experimental errors will reduce the MSWD values, but it will 
not eliminate the other problem of the regression line which is the strong control of the 
sample 90-07 in the slope of the line. The age obtained by the regression through only 6 
points is 2222±284 Ma, with an I.R. of 0.7037±0.0016. This age is similar to those 
obtained for the gneissic rocks of the Colmdia dome although the I.R. is quite distinct.
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Table 10- Rb-Sr d a ta  for the b asem en t g n e isses  of the Lontra dom e
Sample# Rb(ppm) Sr(ppm ) R b/S r 87R b/8 6 S r 8 7 S r /8 6 S r
9 0 - 0 3 4 3 .1 0 394.1 0.11 0.371 0 .7 1 4 3 0
9 0 -0 4 47 .61 4 5 0 .7 0.11 0 .3 0 6 0 .71181
9 0 - 0 5 5 3 .7 8 4 1 6 .8 0 .1 3 0 .3 7 4 0 .7 1 5 4 3
9 0 -0 6 4 7 .2 9 4 2 5 .9 0.11 0 .3 2 2 0 .7 1 5 7 7
9 0 - 0 7 7 3 .4 7 2 3 7 .2 0.31 0 .8 9 8 0 .7 3 3 0 0
9 0 -0 8 5 1 .3 0 4 1 3 .0 0 .12 0 .3 6 0 0 .7 1 5 2 5
9 0 -0 9 5 2 .1 7 4 1 2 .9 0 .1 3 0 .3 6 6 0 .7 1 5 5 2
9 0 -1 0 5 5 .3 5 3 7 4 .9 0 .15 0 .4 2 8 0 .7 1 6 6 2
CL-22 * 2 4 3 9 3 0 .06 0 .18 0 .7 1 3 9
CL-29-A * 76 2 5 6 0 .30 0 .87 0 .7 3 2 5
CL-60 * 127 2 4 9 0.51 1.48 0 .7 4 9 0
CL-65 * 161 1 46 1.10 3 .26 0 .8 0 1 0
* Macambira (1983).
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The geochemical data discussed earlier in this work suggest the similarity of the 
trondhjemitic gneisses of the Lontra dome with Archean trondhjemites. In addition, as 
will be shown later, the single zircon ages of these trondhjemites indicate an Archean age 
for these rocks. Consequently the Rb-Sr results are interpreted here as partial 
resetting of the Rb-Sr system. However, as in the case of the Colm6ia dome, it is not 
possible to assign a specific thermo-tectonic event as the cause for the partial resetting 
of the trondhjemitic rocks of the Lontra dome.
The Cocaiandia Dome Structure
The Rb-Sr study of the gneissic rocks of the Cocaldndia dome indicates an isochron 
(MSWD=1.16) of 2697±790 Ma and initial ratio of 0.7022±0.0060 (Fig. 32). 
Although the value of the MSWD is acceptable, the uncertainty associated with the age 
determination is too high due to the small spread of the samples in the isochron diagram. 
The regression line fitted through 7 points includes six trondhjemitic gneisses and one 
granitic gneiss (90-37) (Tab. 11). The sample of the granitic gneiss was not excluded 
from the calculation because the REE data suggest that both the trondhjemitic and 
granitic gneisses may have had a  common geologic evolution (Fig. 26). In addition, the 
single zircon Pb-evaporation ages for the granitic gneisses of the Colm6ia dome, as will 
be seen later, are similar to the age of the trondhjemitic gneisses of the other dome 
structures and suggest a similar age of formation for the trondhjemitic and granitic 
gneisses of the Araguaia belt.
The interpretation of an age with such a high uncertainty is very difficult. The age 
of about 2.7 Ga obtained for the gneissic rocks of the CocalSndia dome is within the range 
of the Jequi6 thermo-tectonic cycle. This Archean event has been recognized in the 
orthogneisses of the Xingu Complex in the southeast part of Amazonian Craton. There, the 
Rb-Sr ages, ranging between 2.6 and 2.7 Ga, are suggested to represent the resetting of 
the Rb-Sr system during this thermo-tectonic event (Macambira, 1992). The
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Figure 32- Rb-Sr isochron diagram for the basement gneisses of the Cocalandia dome.
Table 11 - Rb-Sr isotopic data for the basement gneisses of the CocalSndia dome
Sample# Rb(ppm) S r(ppm ) R b/Sr 8 7 R b /8 6 S r 8 7 S r /8 6 S r
9 0 -3 4 63.21 3 5 0 .9 0 .1 8 0 .5 2 2 0 .7 2 3 3 5
9 0 -3 5 5 6 .5 2 3 4 2 .3 0 .1 7 0 .4 7 8 0 .7 2 0 6 6
9 0 -3 6 63 .9 6 3 3 1 .5 0 .19 0 .5 5 9 0 .7 2 3 3 6
9 0 - 3 7 77 .4 0 3 8 1 .0 0 .20 0 .5 8 9 0 .7 2 5 6 6
9 0 -3 9 70 .5 5 4 0 9 .2 0 .1 7 0 .4 9 9 0 .7 2 2 0 7
9 0 -4 0 5 3 .5 4 3 3 7 .5 0 .16 0 .4 6 0 0 .7 2 0 1 4
9 0 -4  1 6 6 .0 8 3 5 9 .6 0 .18 0 .5 3 2 0 .7 2 2 0 4
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Transamazonian cycle, the younger thermo-tectonic cycle recognized in this region, 
apparently was not strong enough to overprint the structures and the metamorphic 
record of Jequi6 age (Machado et al., 1991 and Macambira, 1992). As a result, it is 
reasonable to assume in that region, that the Rb-Sr ages may represent resetting ages 
during the Jequid cycle.
However the basement gneisses of the Araguaia belt present a quite distinct 
metamorphic and structural evolution since these orthogneisses show a strong 
overprinting of a younger tectono-thermal event, perhaps of Brasiliano age, which is 
responsible for the structural evolution of this belt. As a result, the structures assumed 
to be of Jequid age were transposed and preserved as relicts only in a few outcrops 
(Costa, 1980 and Teixeira, 1984). In addition, the metamorphic grade of both events, 
the Jequid and the Brasiliano cycles, were similar (Teixeira, 1984). A question that 
arises from these observations is: why should one assume that the Rb-Sr system was 
totally reset during the Archean thermo-tectonic event, and not affected during the 
younger Brasiliano event that transposed the Archean structures and recrystallized the 
rock minerals?
It is reasonable to assume that both events affected the Rb-Sr system, and that the 
orthogneisses of the Cocaldndia dome, in hand specimen scale, record the partial 
resetting of the Rb-Sr system during these tectono-thermal events. Consequently, the 
Rb-Sr age of 2.7 Ga for the gneissic rocks of the Cocaldndia dome may be interpreted as a 
partial resetting age due to different tectono-metamorphic episodes, and not a total or 
partial resetting during the Archean Jequid event.
The Grota Rica Dome Structure
In the Rb-Sr isotopic study of the basement gneiss of the Grota Rica dome one 
trondhjemitic gneiss (sample 88-07), two granitic gneisses (samples 88-13 and 88- 
15) and five tonalitic gneisses were used. However, only 6 points were used in the
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isochron calculation. Samples 88-12 and 88-14 (tonalitic gneisses) were eliminated 
from this calculation (Tab. 12). The lack of alignment in the isochron diagram of these 
two samples may be explained by a stronger resetting of the Rb-Sr system relative to 
the other samples, in the hand sample scale, perhaps due to the fine grain size and high 
biotite content (around 20%) found in these two samples.
The line regressed through the 6 samples gave an errorchron (MSWD= 8.8) 
suggesting an age of 2530±400 Ma, with an I.R. of 0.70345±0.00468. (Fig. 33). These 
data have been previously evaluated by Lafon et al. (1990) who interpreted the Rb-Sr 
age as indicative of the existence of Archean rocks among the basement gneisses of the 
Araguaia belt. They also suggested that the 2.53 Ga Rb-Sr age may represent either a 
partial resetting of the Rb-Sr system during the Jequid and Transamazonian thermo- 
tectonic cycles or a total resetting during the Jequi6 cycle. The possible influence of the 
Brasiliano cycle was not considered as a one factor causing the resetting of the Rb-Sr 
system.
A mineral Rb-Sr age for the rock 88-13, analyzed at the LGI/UFPa., is presented 
here. The Rb and Sr isotopic analyses of the biotite, plagioclase and K-feldspar separated 
from this sample are given in Table 12. A regression line fitted through 4 points 
(including the rock 88-13) defines an errorchron (MSWD=7.30) with an age of 
431 ±100 Ma and an I.R. of 0.7397±0.0016 (Fig. 34). This line is strongly controlled 
by the biotite, which is not aligned in relation to the other mineral fractions and the 
whole rock. If the biotite is eliminated from the isochron diagram an errorchron 
(MSWO= 3.57) indicating an age of 554±176 Ma is obtained with an I.R. of 
0.7378±0.0027. The small spread of the points in this second regression line leads to 
the increase of the uncertainties, although the MSWD value is improved.
The younger age given by the Rb-Sr isotopic systematics in minerals compared 
with the whole rock Rb-Sr ages suggests an important event of isotopic 
rehomogenization of the 8?Sr at the mineral scale. Such behavior is very typical of the
141
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Figure 33- Rb-Sr isochron diagram for the basement gneisses of the Grota Rica dome
Table 12- Rb-Sr isotopic data for the basement gneisses of the Grota Rica dome
Sample# Rb(ppm) S r(ppm ) R b/Sr 8 7 R b /8 6 S r 8 7 S r /8 6 S r
8 8 -0 7 55 .7 7 3 9 7 .7 0 .14 0 .4 0 6 0 .7 1 8 4
8 8 -0 8 76 .25 354.1 0 .22 0 .6 2 4 0 .7 2 7 5
8 8 -0 9 110 .29 384.1 0 .2 9 0 .8 3 3 0 .7 3 4 5
8 8 -1  1 100 .78 3 4 5 .2 0 .2 9 0 .8 4 7 0 .7 3 2 5
8 8 - 1 2 122 .30 3 2 1 .5 0 .3 8 1 .103 0 .7 3 1 0
8 8 -1 3 114 .67 2 9 3 .2 0 .3 9 1 .136 0 .7 4 6 9
8 8 -1  4 75 .60 411.1 0 .18 0 .5 3 3 0 .7 1 7 6
8 8 -1  5 104 .17 320.1 0 .3 3 0 .9 4 4 0 .7 3 6 3
88-13 * 1 18 .78 2 8 6 0 .4 2 1 .206 0 .7 4 7 0 7
Plagioclase * 5 1 .0 9 175 .7 0 .2 9 0 .8 4 4 0 .7 4 4 3 9
k-feldspar * 1 29 .69 3 3 9 .9 0 .3 8 1 .108 0 .7 4 6 7 3
biotite * 5 5 2 .7 7 27 .2 20 .3 2 6 0 .9 2 8 1.08741
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Figure 34- Rb-Sr isochron diagram for the granitic gneiss (sample 88-13) of the Grota Rica dome.
inset- A) age calculated considering the whole rock (W.R), K-feldspar, plagioclase and biotite 
fractions. B) age calculated without the biotite.
Rb-Sr system of rocks that undergo a metamorphic episode after their formation 
(Jdger, 1979). it is also important to emphasize that the Rb-Sr mineral age of the 
sample 88-13 overlaps within the errors of the K-Ar ages reported by Macambira 
(1983). As discussed before, these K-Ar ages have been related to the thermo-tectonic 
events that generated the Araguaia belt. However, these interpretations are limited since 
they are based on the mineral isochron from only one sample. More mineral ages from 
the basement gneisses of this and other dome structures are necessary in order to better 
evaluate the behavior of the Rb-Sr isotopic system at the mineral scale.
The Cantao dome structure
The Cantao Gneiss was dated by Souza (1984) who presented Rb-Sr whole rock 
isochron (MSWD= 0.9) with age of 1774±31 Ma (1o) and I.R. of 0.7065±0.0011 
(1o). A good alignment of the points in this isochron led Souza (1984) to conclude a 
consanguinity among the different petrographic types that he defined in the Cantao 
Gneiss. He strongly suggested that this Rb-Sr age represents the age of crystallization of 
the protolith of the Cantao Gneiss, however he did not rule out the possibility that this 
age could indicate an isotopic remobilization of the Rb-Sr system. Dall'Agnol et al.
(1988) interpreted this age as the age of crystallization of the igneous protolith. They 
considered the Cantao Gneiss a granitic body, intrusive into the Archean rocks of the 
Colm6ia Complex, which was deformed and metamorphosed during the structural 
development of the Araguaia belt.
Lafon et al. (1990) presented several mineral isochrons for the Cantao Gneiss. 
These ages ranged between 452±3 Ma and 503±7 Ma (1o), with a concentration between 
473 and 493 Ma (Tab. 13). The muscovite apparent age provided the oldest age for the 
rocks analyzed, while the youngest Rb-Sr ages were obtained in the pair biotite-whole 
rock. This is in agreement with the suggested closure temperatures of the Rb-Sr system 
in muscovite of 500°C, and 3S0°C in the biotite (Jdger, 1979). Therefore the higher
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blocking temperature of the muscovite would start the Rb-Sr clock earlier. Lafon et al. 
(1990) interpreted these ages as strong evidence of the presence of the Brasiliano cycle 
in the basement rocks of the Araguaia belt. Due to the evidence of a Brasiliano age 
metamorphism in the Cantao Gneiss Lafon et al. (1990) suggested the Rb-Sr whole rock 
age presented by Souza (1984) could also represent a partial resetting age during the 
Brasiliano cycle.
In this study, samples from the granitic rocks of the Cantao Gneiss were selected to 
be dated using Rb-Sr whole rock systematics. The 7 samples selected (Tab. 14) gave an 
errorchron (MSWD= 4.73) indicating an age of 1890±280 Ma with an I.R. of 
0.7037±0.0061 (Fig. 35). This age shows a greater uncertainty which makes 
interpretation difficult. The high uncertainty is due not only to the scatter of the samples 
in the regression line, but also due to the small spread of the samples in the isochron 
diagram. However, the Rb-Sr age here obtained is not very different from that presented 
by Souza (1984). In fact, most of the samples analyzed by him lie along the regression 
line determined in this study (Fig. 35). Therefore, an age of about 1.8 Ga for the Cantao 
Gneiss is believed to be the age that one would obtain by using Rb-Sr systematics.
The meaning of the Rb-Sr age of the Cantao Gneiss is not well understood. It may 
either represent a crystallization age (Souza, 1984) or a partial resetting age due to the 
Brasiliano Cycle as suggested by Lafon et al. (1990). In fact, the age of the 
trondhjemitic gneisses of the Lontra dome presented by Macambira (1983) is lower 
than 2.0 Ga (Tab. 8) which suggests the possibility that the Rb-Sr system has been 
severely reset by the Brasiliano cycle. In addition, the Cantao Gneiss underwent a 
mylonitization process (Dall'Agnol et al., 1988). Shearing and crushing accompanied by 
recrystallization is one of the factors that favors the resetting or rejuvenation of the 
Rb-Sr total rock ages (Jdger, 1979). The fact that Rb-Sr mineral ages of the Cantao 
Gneiss are around 500 Ma reinforces the mineral ages obtained for the basement gneiss 
of the Grota Rica dome.
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Figure 35- Rb-Sr isochron diagram for the Cantao Gneiss. The regression line in the 
figure was calculated with isotopic data obtained in this study (black squares). 
Open circles are the data from Souza (1984).
Table 13- Rb-Sr mineral isochrons for the Cantao Gneiss (Lafon et al., 1990)
Sample# AGE I.R. MSWD
FC-29 W.R.+feld+biot+musc 483±7M a. 0 .7 7 9 9 ± 4 7 10.2
W.R.+feld+biot 473±3M a. 0 .7 8 0 2 ± 2 0.61
muse, (apparent age) 493±3M a. (0 .7 8 0 0 )
FC-30 W.R.+feld+biot+musc 494±7M a. 0 .8 1 05±5 7 .25
W.R.+feld+biot 468±8M a. 0 .8 1 09±5 4 .8 8
muse, (apparent age) 503±5M a. (0 .8 1 0 0 )
FC -127 W.R.+feld+biot 479Ma. 0 .7431 0 .1 7
FC-26 feld+biot 452±3M a. 0 .7 6 2 4 ± 1 3
FC-54 W.R.+biot 484±4M a. 0 .7 6 5 9 1 3
W.R.- whole rock
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Table 14- Rb-Sr isotopic data for the Cantao Gneiss. Samples with FC and AC 
are from Souza (1984).
Sample# Rb(ppm) S r(ppm ) R b/Sr 8 7 R b /8 6 S r 8 7 S r /8 6 S r
8 8 - 0 1 185 185 1.00 2.91 0 .7 8 3 8
8 8 -1 6 2 0 7 1 80 1.15 3 .34 0 .7 9 7 5
8 8 - 1 7 201 1 72 1.17 3 .44 0 .7 9 5 5
8 8 - 1 8 2 5 3 1 76 1.44 3 .40 0 .7 9 7 7
8 8 - 1 9 1 53 1 66 0 .92 3 .30 0 .7 9 3 8
8 8 - 2 2 194 221 0 .88 2 .55 0.7721
8 8 - 2 3 2 9 5 149 1.98 3 .7 7 0 .8 0 2 7
AC-22 A 1 29 3 8 8 0 .3 3 1.01 0 .7 3 3 0
FC -103 151 2 9 0 0 .52 1.58 0 .7 4 6 8
FC -127 146 2 0 2 0 .72 2.02 0 .7 5 6 8
FC-34 178 2 2 6 0 .79 2 .32 0 .7661
FC-44 155 151 1.03 3 .04 0 .7 8 3 0
FC-54 2 2 3 2 0 2 1.10 3.11 0 .7 8 7 6
FC-29 2 3 2 154 1.51 4 .55 0 .8 1 1 6
FC-30 2 4 6 121 2 .0 3 5 .72 0 .8 4 7 9
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U-Pb Systematics
Geochronologic studies using U-Pb isotopic systematics for the zircon population 
of orthogneisses suggest that the zircon ages are generally representative of the age of 
crystallization and emplacement of the igneous protolith of these rocks (Page and Bell, 
1985; Evans and Fischer, 1986; Fanning et al, 1988). The resetting of the U-Pb 
isotopic system in zircon is not common in spite of the effects of tectono-metamorphic 
events in the orthogneisses, however, a rare case of resetting of this system was 
reported by Black (1988). The age of crystallization of the zircons is calculated using 
the Concordia diagram (Wetherill, 1956). The upper intercept of the chord formed by 
the isotopic analysis of different zircon fractions with the Concordia curve represents 
the age of crystallization of the zircons, and consequently the minimum age of 
crystallization of the igneous protolith, since the zircon and the rock crystallized in the 
same geologic process.
U-Pb systematics in zircons were applied in this study to determine the ages of the 
orthogneisses of the Cocalandia, Grota Rica and Cantao domes. Between 50 and 60kg of 
rock were collected at the same site as the Rb-Sr samples. Standard techniques used in 
the separation of the zircon for isotopic analysis are based on their density, magnetic 
susceptibility and size and are described in the Appendix IV. The steps involved in the 
analytical procedure such as dissolution of the selected zircon fractions and 
chromatographic separation of the U and Pb are also described in the Appendix IV. The U 
and Pb isotopic composition were analyzed at the LMS/UNH using outgassed Re filaments. 
The sample was loaded on the filament using the Si02 gel-H3P04 technique of Cameron et 
al. (1969). At the LMS/UNH the experimental errors associated with the 207Pb/235U 
and 206pb/238(j are estimated as 1% at 1o, with the correlation coefficient between 
the errors as 0.9. The 2°4pb content was assumed to be laboratory contamination and 
was corrected by using the measured blank ratios for the LMS/UNH which are 
204:206:207:208 =1:16.64:15.49:36.35.
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As the LMS/UNH is not presently set up to analyze very small amounts of zircon 
(i.e. single grains), usually a few milligrams of zircon were hand picked under the 
binocular microscope for the U and Pb analyses. This inevitably may have led to the 
mixing of zircon with different morphologies present in the same size and magnetic 
fraction, especially in those fractions with a very small amount of zircon. This 
particular aspect was taken into account during the interpretation of the zircon ages in 
the Concordia diagram. The zircon ages were calculated after Ludwig (1985) using his 
model 1 Yorkfit. The uncertainties are always given at 2o.
The Cocalandia Dome Structure
The trondhjemitic gneiss of the Cocalandia dome selected for U-Pb dating is 
composed primarily of oligoclase (55%), quartz (29%) and biotite (8%). Microcline, 
muscovite and epidote make up the rest of the minerals along with titanite, allanite, 
zircon and opaque minerals. Chlorite and sericite are the secondary minerals present. 
The rocks display a granolepidoblastic texture where the quartz and plagioclase form 
granoblastic aggregates cut by dimensionally oriented biotite crystals. A moderated 
undulatory extinction is present in the quartz crystals and some biotite crystals may 
show a weak undulatory extinction. The deformation and the metamorphic foliation seen 
in the rock are related to the last tectono-metamorphic event recognized in the area 
which is the one that is believed to have led to the structural development of the Araguaia 
belt.
The zircon grains are euhedral to subhedral and, under the binocular microscope 
their color is pale pink to pinkish white. The pink grains are usually translucent and 
rarely transparent, while those pinkish white grains are opaque. The morphology of the 
grains varies from long and prismatic (length :width; 4:1) to stubby. The zircon crystals 
may be corroded and inclusions are frequent. Observations with the polarized light 
microscope reveal that some grains are zoned and most of the crystals have metamict
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cores. However, there are cases where the metamict portions enclose non-metamict 
cores. A thin overgrowth displaying a high birefringence is commonly present in the 
zircon grains. These features suggests several different steps in the growth history of 
the zircons.
Five fractions of zircon were selected for U and Pb analyses. The isotopic results 
are presented in Table 15 and in the Concordia diagram (Fig. 36a). The more magnetic 
fractions are the most discordant. The coarser grained O0 non-magnetic fraction is less 
discordant than the finer one. The U richest fractions are also the most magnetic and the 
most discordant. Assuming that the discordance of the experimental points in the 
Concordia diagram is due mainly to Pb loss, one can say that the least discordant fraction 
of zircon lost around 55% of the radiogenic Pb. The most discordant point lost more than 
85% of the radiogenic Pb.
The regression line fitted through the five points (zircon fractions) gives a 
discordia line that intercepts the Concordia curve at 2789±27 Ma as the upper intercept 
(U.I.), and 577±24 Ma as the lower intercept (L.I.). As discussed above, the U.l. ages of 
zircon in orthogneisses has been interpreted as the age of crystallization and 
emplacement of the igneous protolith. However, there are some aspects that must be 
considered for the evaluation of this U.l. age. Initially, a high degree of discordance of the 
experimental points is observed. Several studies have demonstrated that by abrading 
discordant zircon fractions it is possible to obtain older crystallization ages for this 
mineral (e.g. Machado et al., 1991 and Macambira, 1992). The improvement of the 
zircon ages is possible because the abrasion process removes the outer layers that may 
have been leached, in addition to the high-U portions of the grains that are softened by 
radiation damage (Krogh, 1982).
In addition, the observed stepwise growth of the zircon grains in the orthogneisses 
of the Cocalandia dome may in part be related to the different metamorphic episodes that 
have affected these orthogneisses. As a result, a mixing age (older core+younger rims)
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Table 15- U-Pb isotopic analyses of zircons from the basement gneisses of the Araguaia belt.
Corrected ratios
magnetic size § weight Pb U 206p|,/204pb 207pb/206pb* 206pb/238u
Sample # fraction t (mg) (ppm) (ppm)
CANTAO DOME
88-22a 0°NM >200 8.61 134 929 1367 0.09318 0.1331
8 8 -2 2 b 0°M 140-200 4.91 153 860 1247 0.09684 0.1606
88-22C 1M 80-200 12.75 168 1063 1728 0.09338 0.1466
88-22d 2°M 140-200 3.58 167 1238 763 0.08825 0.1260
88-22e 3M 8 0 -100 13.89 170 1306 2483 0.08856 0.1213
COCALANDIA DOME
90-43a 0°NM 140-200 3.103 167 685 359 0.15852 0.2413
90-43b 0°NM 8 0 -140 8.617 192 656 3456 0.16942 0.2828
90-43C 0°M >80-100 4.063 194 750 1230 0.16275 0.2517
90-43d 1°M >200 3.852 189 940 2301 0.14829 0.1993
90-43e 3°-2°M >140 2.082 202 1290 1211 0.12595 0.1585
COLMEilA DOME
88-04a 0°NM 140-200 7.082 171 464 3301 0.17486 0.3394
88-04b 0°NM 80-140 10.713 166 399 3399 0.17986 0.3820
88-04C 0°M 80-100 14.088 166 492 3314 0.17601 0.3116
















t  degrees of side tilt of the Franz Magnetic Separator; M=magnetic fraction; NM=non-magnetic fraction. 
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Figure 36- Concordia diagram for the orthogneisses of Cocalandia (a) and Colmdia {b) 
dome structures. Uncertainties are quoted at 2cr.
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might be expected. The use of a  Super High Resolution Ion Microprobe (SHRIMP) for 
instance, allowed multiple zircon growth in the Archean tonalitic gneisses to be dated 
(Compston and Krdner, 1988). Finally, the hand picking of zircon crystals with 
different morphologies, in order to obtain the necessary amount of grains for analysis, 
may have led to the mixing of different generations of zircons. This may also result in a 
mixing age. Therefore, the interpretation of the U.l. age as a minimum age of 
emplacement of the igneous protolith of the trondhjemitic gneisses of the CocalSndia 
dome is preferred. Nevertheless, in spite of this interpretation, an undisputable Archean 
age for these trondhjemitic gneisses is indicated by the U-Pb zircon data.
The interpretation of the L.l. age is more complicated. Basically, this 
interpretation will depend on the model that is used to explain the Pb loss. Several 
models have been proposed (as summarized by Gebauer and GrQnenfelder, 1979; Faure,
1986) but two of them have been widely applied. The first, the episodic model 
(Wetherill, 1956), explains the Pb loss by a secondary event such a metamorphism. In 
this case, the L.l. age would indicate the time elapsed since closure of the system after Pb 
loss. The other model argues for a continuous loss of Pb by diffusion since the formation 
of the zircon (Tilton, 1960 and Wasserburg, 1963). Therefore, in this model the L.l. 
ages would be regarded as a fictitious date. Faure (1986) advises one not to treat the L.l. 
geologically significant unless there is independent evidence of a metamorphic event at 
that time.
This seems to be the case of the basement gneisses of the Araguaia belt where the 
K-Ar and Rb-Sr mineral ages suggest the occurrence of the Brasiliano tectono- 
metamorphic cycle. However, Macambira (1992) reported L.l. ages of 600 Ma for the 
Archean orthogneisses of the Amazonian Craton which were not affected by the Brasiliano 
cycle. As the L.l. ages of these Amazonian gneisses range between 0 and 600 Ma, 
Macambira (1992) suggested continuous Pb loss as a function of the degree of 
metamictization of the zircon grains. The zircon crystals of the Cocalandia dome are
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strongly metamict, therefore a continuous Pb loss model may provide the best 
interpretation of the L.l. ages. In addition, as will be shown later in this section, the L.l. 
ages of the orthogneisses of the Colm6ia and Cantao domes are somewhat different from, 
and far less precise than the L.l. age of the trondhjemitic gneiss of the CocalSndia dome. 
The lack of consistency of the L.l. ages among the zircon populations of these 
orthogneisses strongly suggests care in using the episodic Pb loss model in the 
interpretation of the L.l. ages. Consequently, the L.l. age of the orthogneisses of the 
Cocalandia dome is interpreted here as geologically meaningless, since a continuous Pb 
loss is assumed.
The Colm6ia Dome Structure
In the Colm6ia dome, a granitic gneiss made up of quartz (42%), microcline 
(30%) and oligoclase (26%) was sampled for zircon age determination. Weakly 
chloritized biotite, muscovite, opaque minerals, apatite and zircon are the accessory 
phases of this rock. Microcline forms subhedral crystals, up to 2mm in length, 
displaying undulatory extinction and fractures. Crystals of quartz, plagioclase, biotite 
and muscovite are frequently present inside the microcline grains. Quartz forms 
granoblastic aggregates up to 3mm in length. The size of the quartz in these aggregates 
ranges between 0.1 up to 0.6mm. The quartz crystals show a very weak undulatory 
extinction and the evidence of metamorphic recrystallization is given by their polygonal 
granoblastic texture. The plagioclase is frequently altered to white mica and may show 
myrmekitic texture. Crystals of quartz and biotite lamellae are also found inside the 
plagioclase. A weak foliation is indicated by the orientation of the few lamellae of biotite.
The zircon grains are euhedral to subhedral and, under the binocular microscope 
their color is pale pink to pinkish yellow or pinkish brown. The crystals are usually 
translucent but a significant amount of them are transparent. The morphology of the 
grains varies from long and prismatic (3:1 to 4:1) to stubby. However, a few needle like
15 4
(7:1) grains are present. Corroded grains and inclusions are common. The zircon 
crystals appear less metamict than those of the Cocaldndia dome. Observations in 
polarized light reveal that some grains are zoned and most of the crystals have metamict 
cores. As in the Cocaldndia dome, there are also crystals with metamict portions 
enclosing non-metamict cores. A thin overgrowth, displaying a high birefringence, 
commonly enclosing the zircon grains was also detected.
Four fractions of zircon were selected for U and Pb analyses. The isotopic results 
are presented in Table 15 and in the Concordia diagram (Fig. 36b). Those fractions 
richer in U which are also the most magnetic, contain the most discordant grains. The 
coarser grained 0 °  non-magnetic fraction is less discordant than the finer one. The 
zircons from the Colmdia dome are less discordant than those of the Cocaldndia dome. This 
is in agreement with the less metamict character of the former. Assuming that the 
discordance of the experimental points in the Concordia diagram is due mainly to Pb loss, 
one can say that the least discordant fraction of zircon lost around 35% of the radiogenic 
Pb. The most discordant point lost more or less 60% of the radiogenic Pb.
The discordia line fitted through the four points (zircon fractions) indicates an 
U.l. age of 2844±260 Ma, while the L.l. age is 731 ±452 Ma. The same limitations 
discussed above for the interpretation of the U.l. age of the orthogneiss of Cocalandia 
dome are applicable for the granitic gneiss of the Colm6ia dome since their zircon 
crystals show similar characteristics in terms of stepwise overgrowth and the presence 
of metamict cores. In addition, the high uncertainty of the U.l. age of the zircons from the 
Colmdia dome as well as the poor alignment of the experimental points along the 
regression line (MSWD= 9.1) strongly suggests the interpretation of this U.l. as a 
minimum age of crystallization of the zircon grains. However, even with the high 
uncertainty in the dating, an Archean age for the granitic gneiss of the Colmdia dome is 
indicated by the U-Pb zircon data. The very high uncertainty of the L.l. age makes this 
information without geochronologic value.
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The Cantap-Dome Structure
A monzogranitic gneiss sample of the Cantao dome was collected to be dated by U- 
Pb systematics in zircons. This rock is composed of quartz (23%), microcline (36%), 
oligoclase (28%) and biotite (11%). Muscovite, epidote, apatite, zircon and opaque 
minerals are the accessory minerals present in this gneiss. The quartz, plagioclase and 
microcline form polycrystalline granoblastic aggregates indicating the recrystallization 
of these minerals during the metamorphism. The biotite lamellae are oriented and, along 
with the polycrystalline aggregates mentioned above, define the characteristic 
granolepidoblastic texture present in the monzogranitic gneiss.
The zircon grains are euhedral to subhedral, however, anhedral opaque and 
corroded grains are abundant. Under the binocular microscope, the zircon crystals are 
pink to pale pink in color. The prismatic zircon crystals are usually translucent to 
opaque with very few transparent crystals. The morphology of the grains varies from 
long and prismatic (4:1) to stubby. Dark inclusions are common. The zircon crystals 
are more metamict than those of the Cocalandia dome. Observations with polarized light 
confirm the high degree of metamictization of the zircon and reveal the presence of zoned 
grains. A thin overgrowth displaying a high birefringence is present but is not as 
common as in the zircons of CocalSndia and Colm6ia gneisses.
Five fractions of zircon were selected for U and Pb analyses. The isotopic results 
are presented in Table 15 and in the Concordia diagram (Fig. 37). The richest fractions 
in U form the most magnetic populations and the most discordant points. Assuming that 
the discordance of the experimental points in the Concordia diagram is due mainly to Pb 
loss, one can say that the least discordant fraction of zircon lost around 62% of the 
radiogenic Pb. The most discordant point lost more or less 77% of the radiogenic Pb.
The U.l. age given by the five zircon fractions analyzed is 1807±224 Ma, and the 
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Figure 37- Concordia diagram for the Cantao Gneiss. Uncertainties are quoted at 2o.
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points. The high discordance of the points and uncertainty of the U.l. age, as well as the 
dominant presence of metamict grains suggest an interpretation of the U.l. age as a 
minimum age for the crystallization of the zircons and therefore, the minimum age of 
emplacement of the protolith of the Cantao Gneiss. The U.l. age is just a  little older than 
the Rb-Sr whole rock age presented by Souza (1984), This suggests that the Rb-Sr 
whole rock system in the CantSo Gneiss, although partially reset by the Brasiliano cycle, 
may have not been severely disturbed during this thermo-tectonic event.
Considering the uncertainty of the U.l. (given at 2a), the maximum age for this 
rock would be 2031 Ma. This supports those interpretations which consider the 
protolith of the Cantao Gneiss as a younger intrusive rock in the Colm6ia Complex. 
Consequently, the U-Pb systematics in zircon confirmed the suggested Middle 
Proterozoic age for the protolith of the Cantao Gneiss. The high uncertainty of the L.l. age 
and the high degree of metamictization of the zircons suggest that the L.l. age is 
geologically meaningless, similar to the L.l. ages of the zircons from the Colm£ia, and 
perhaps, the CocalSndia gneisses.
Single Zircon Pb-Evaporation Technique
Since the pioneer work of Kober (1986) increase in the use of the single zircon 
Pb-evaporation technique in the dating of zircon in different laboratories in the world 
has occurred (Kroner and Todd, 1988; Olszewski 1990; Ansdell and Kyser, 1991; 
Cocherie et al., 1992). The increasing number of studies using this technique is due to 
the fact that one can analyze a single zircon grain without any previous chemical 
treatment. As a result, a very low Pb blank in the laboratory, required to perform 
isotope analyses of single zircon grains by the conventional U-Pb technique, is not 
necessary or required by the Pb-evaporation technique (Kober, 1986 and 1987).
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The single zircon Pb-evaporation technique determines the 207pb/206pb age of a 
zircon grain by stepwise heating of the filament in a solid source thermal ionization 
mass spectrometer. The principle behind this technique is that the U-Pb evolution in the 
crystalline domains of the zircon would have a  closed system behavior. As a result, the 
207pb/206pb ratio of the crystalline domains would present a concordant age. In 
contrast, U-Pb fractionation would occur in the non-crystalline domains of the zircon 
crystal such as the metamict portions, mineral intergrowths, and fractures and rims, 
which are responsible for the discordant character of the zircon grain (Kober, 1986 and
1987). Since the Pb in the crystalline domains is situated in the most retentive sites of 
the crystal, it would evaporate at higher temperatures than the Pb in the non- 
crystalline domains of the grain (Kober, 1986; Ansdell and Kyser, in press).
In the Kober technique, a double Re-filament is used. The center filament is the 
evaporation filament whose canoe-shaped geometry was introduced by Gentry e t al. 
(1982). The second filament is the ionization filament that faces the canoe-shaped 
(evaporation) filament. The zircon is put into the evaporation filament and the 
temperature of the filament is increased in steps. This preferentially evaporates the Pb 
in those domains that have an open system behavior. The Pb is then deposited in the 
ionization filament whose temperature is increased in order to produce the Pb+ ion 
beam. The beam intensity of the different Pb isotopes is then recorded by a secondary 
electron multiplier in the mass spectrometer. Theoretically, when the Pb of the non­
crystalline domains has been evaporated and ionized the zircon retains only the Pb in its 
crystalline domains remaining to be evaporated. At this point the 207pb/206pb ratio 
reaches a maximum and defines a plateau in a 207Pb/206Pb vs. temperature diagram. 
The average 207pb/206pb ratio in the plateau will define the 207pb/206pb age of the 
zircon grain, which has been interpreted as a  minimum age of crystallization of that 
grain (Kober, 1986 and 1987). However, Ansdell and Kyser (1991) and Kroner and 
Todd (1988) indicate that the 207pb/206pb age of zircons obtained by single Pb-
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evaporation technique is, within the limits of the error, similar to the ages of zircons 
obtained by the U-Pb conventional method using high-precision techniques.
A study of textural and chemical changes which take place in zircon during the Pb- 
evaporation technique was carried out by Ansdell and Kyser (in press). They found that 
during the stepwise heating of the evaporation filament (1440° to 1650°C) there is the 
breakdown of zircon to form porous zirconium oxide with concomitant release of silica. 
They concluded that this process plays a more significant role in the release of the Pb 
from the structure of the zircon than volume diffusion. They stated that during the 
transformation of the zircon to zirconium oxide, the silica liberated from the zircon is 
deposited in the ionization filament along with the Pb and other trace elements. The 
deposition of the silica on the ionization filament is important because it helps to 
produce a stable Pb+ beam, which is fundamental for the success of the Pb-evaporation 
technique.
In this work, the single zircon Pb-evaporation technique was used to investigate 
the age of the basement gneisses of the Araguaia belt in order to determine the minimum 
age of emplacement of these rocks. The single zircon age determination was performed on 
zircons from the gneissic rocks of the Colm6ia, Grota Rica, Lontra and Cantao domes. In 
addition, this technique was used to investigate the age of syntectonic granitic veins 
associated with the supracrustal rocks of the Araguaia belt in order to determine the 
minimum age of the structural development of this belt. A single Re-filament was used 
for the Pb-evaporation technique (Olszewski et al., 1990), instead of a double filament 
as introduced by Kober (1986 and 1987).
In the single filament procedure used in this study, the zircon crystal is deposited 
in a canoe-shaped Re-filament and the temperature of the filament is increased in 
several steps so that the Pb present in the different parts of the crystal is evaporated at 
a different temperature (and time). The evaporated Pb is immediately ionized once the 
evaporation temperature reaches the ionization temperature of the Pb. A block of ten
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207pb/206pb ratios is determined for each Pb- evaporation step. The average 
207Pb/206Pb ratio of each block of data, after correction for 204Pb contamination if 
present, is plotted in a  binary diagram against the respective block number that in fact, 
represents the different steps of heating. The 207Pb/206Pb ratios of the collected 
blocks of data reach a maximum value and define a plateau during the stepwise heating, 
since the Pb evaporated at higher temperatures is that located in the most retentive part 
of the crystal structure.
The 207Pb/206Pb ratio of the plateau is calculated by averaging the 
207Pb/206Pb ratios of the blocks defining the plateau. At least 4 blocks of data are 
necessary in order to define a plateau. This would give a minimum of 40 207Pb/206Pb 
ratios measured in each ciystal. The plateau age of the zircon is then calculated using the 
two stage model of Pb evolution of Stacey and Kramers (1975). The standard error of 2o 
was used to report the uncertainties in the plateau age.
The m ass spectrometer analysis for single zircon grain Pb- evaporation was 
developed at LMS/UNH using a secondary electron multiplier as the collector system. The 
zircons were separated using the same technique described for the U-Pb systematic. 
Zircons grains from the 0° non-magnetic >140 mesh fraction, were used for the Pb- 
evaporation analyses. In addition, only transparent and translucent euhedral zircon 
grains without dark inclusions or visible fractures were hand picked for the analyses. 
The actual temperature of the Pb-evaporation analyses are not recorded since it is not 
possible to directly measure the temperature of the filament at LMS/UNH. The filament 
current during the Pb-evaporation/ionization process generally ranged, between 2.2 
Amps (beginning of the analysis) and 2.6 Amps (end of the analysis).
Calibration of the single zircon Pb-evaporation technique using a single filament 
was done by using zircons from a Middle Proterozoic biotite granite from the Amazonian 
region of Brazil. These zircons were previously analyzed by Dr. W. Olszewski at the 
LMS/UNH using the conventional U-Pb isotope techniques with an almost concordant
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upper intercept age of 1518±25 Ma (1a) determined (Fig. 38). Two individual zircon 
crystals from the same sample were analyzed by the Pb-evaporation technique. The 
207pb/206p|] a g e s  obtained were 1498±48 Ma and 1522±50 Ma (2 o) (Fig. 39 and 
Tab. 16) which agrees, within the limits of the errors, with the age obtained using the 
conventional U-Pb technique.
The Colm6ia Dome Structure
Four euhedral zircon grains from the zircon population of the granitic gneiss 
previously analyzed by U-Pb conventional techniques were analyzed by the single zircon 
Pb-evaporation procedure. Table 17 shows the 207pb/206pb ratios and the respective 
ages for each block of data, and the Figure 40 shows the binary diagram where the 
207pb/206pb ratios (age) are plotted vs. the respective step-wise heating block of 
data. This diagram will be termed in this discussion "single zircon diagram".
The 207pb/206pb ratios of the zircon CL-SZa define a plateau age of 2867±24 
Ma with 8 blocks of data. The plateau age of 2865±35 Ma for the zircon CL-SZb is 
defined by 6 blocks, while 5 blocks of data define a plateau age of 2851 ±18 Ma for the 
zircon CL-SZc. The diagram for the CL-SZd zircon, with a plateau age of 2844±15 Ma 
defined by 8 blocks, is probably the one that better reflects the principles behind the 
Pb-evaporation technique. The progressive increase of the 207pb/206pb ratios with 
successive step-wise heating until the definition of a plateau age is very well displayed.
In the beginning of the analysis, the Pb of the non-crystalline domains of the 
zircon in which there is a fractionation of the U-Pb system (metamict portions for 
instance) is evaporated and ionized. With the progression of the analysis, the Pb located 
in the more retentive parts of the zircon (crystalline domains) is evaporated and 
ionized, while the Pb of the non-crystalline domains is gone. At this point, the 
207pb/206pb ratios stop increasing and a plateau age is defined. The progressive 
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Figure 38- Concordia diagram for the AF-1 biotite granite of the Amazonas, Brazil. 
Isotope determination performed by Dr. W. Olszewski at LMS/UNH.
Table 16- Single zircon Pb evaporation data for the biotite granite 
AF-1 of Amazonas, Brazil.
AF-1.SZa AF-1.SZb
pink, euhedral,translucent pink, euhedral,translucent
ck # 2 0 7 p b /2 0 6 p b Age (Ma.) 2 0 7 p b /2 0 6 p b Age (Ma.)
1 0 .0 9 0 3 6 1 4 3 3 0 .0 9 7 1 3 1 5 7 0
3 0 .0 8 9 4 5 1414 0 .0 9 2 9 3 1 4 8 7
3 0 .0 9 5 2 5 1525 0 .0 8 8 9 4 1 4 0 3
4 0 .0 9 6 9 6 1567 0 .0 9 7 8 5 1485
5 0 .1 0 1 4 8 1652 0 .0 9 0 5 7 1438
6 0 .0 9 3 5 3 1498 0 .0 9 5 9 7 1 5 4 7
7 0 .0 9 2 1 7 1471 0 .09661 1 5 6 0
8 0 .0 9 8 3 3 1 5 9 2
9 0 .09611 1 5 5 0
















0 .1 1 0 0 4
0 .0 9 8 7 2
0 .0 8 8 8 1 1400 M









0 1  2 3 4 5 6 7 8
0 .1 1 0 0 4
0 .0 9 8 7 2
Block #
0 .0 8 8 6 1
0 .0 8 0 1 2
Figure 39- Single zircon diagram for AF-1 biotite granite from the Amazonas, Brazil.
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crystalline domains with the Pb of the non-crystalline domains during the step-wise 
heating. In this case, in the lowest temperature step, the Pb of the non-crystalline 
domains would predominate while during the highest temperature steps the Pb of the 
crystalline domains would be the major constituent.
The Pb-evaporation single zircon ages of the granitic gneiss of the Colmdia dome, 
range from 2844±15 Ma to 2867±24 Ma, but overlap within the errors. Consequently, 
these ages suggest that these zircons were crystallized in the same geologic process. As 
the zircons are euhedral, transparent and mainly prismatic (3:1), and do not show any 
indication of inherited cores, they are interpreted as igneous zircons that crystallized 
during the emplacement of the protolith of the granitic gneiss. The single zircon ages are 
not very different from the U.l. age previously reported (2844±260 Ma) for the zircon 
populations of this rock. However, the single zircon ages are in general a little older 
than this U.l. age. In addition, the uncertainties of the single zircon ages (standard error 
at 2o) are much lower and are able to constrain more precisely the age of the 
emplacement of the igneous protolith of the granitic gneiss.
The weighted average age of 2852±10 Ma for the 4 zircons dated by Pb- 
evaporation technique was calculated using the equation:
T±o.= ( Z " l=1 T|Wi) /( 2 :n|=1Wi) ± ( l / S ni=1W |)-2
where T is the age, a> is the standard error at 2o and Wj=l/c)|2.
As previously mentioned, Ansdell and Kyser (1991) and Kroner and Todd (1988) 
stated that the 207pb/206pb single zircon ages are very similar to the ages of zircons 
obtained by the conventional U-Pb systematics in abraded zircon fractions, or in high- 
resolution techniques as single zircons dated by SHRIMP. As a result, they interpreted 
the 207Pb/206Pb ages as actual crystallization ages of the zircon instead of a minimum 
age of crystallization as initially suggested by Kober (1986 and 1987). However,
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Table 17- Single zircon Pb-evaporation data tor the granitic gneiss of the Colm6ia dome. Uncertainties are the standard error at 2a.
CL-SZa CL-SZb CL-SZc CL-SZd
pink, transparent, euhedral, pink, transparent euhedral, pale pink, translucent, pink, tranparent, euhedral,
stubby prismatic (3:1) euhedral, prismatic (3:1) prismatic (3:1).
Block # 207pb/206pb Age (Ma) 207pb/206pb Age Ma) 207pt,/206pb Age (Ma) 207pb/206pb Age (Ma)
1 0.13624* 2181 0.14563* 2295 0.19503* 2785 0.13800* 2202
2 0.18064* 2659 0.16859* 2544 0.20229 2845 0.16036* 2459
3 0.19108* 2752 0.19026* 2744 0.19950 2822 0.17117* 2569
4 0.20609 2875 0.18954* 2738 0.20261 2847 0.17502* 2606
5 0.20053 2831 0.21188 2920 0.25570 2871 0.18051* 2658
6 0.20910 2899 0.19785 2809 0.20531 2869 0.19058* 2747
7 0.21014 2907 0.20584 2873 0.19450* 2781
8 0.19996 2826 0.20068 2832 0.19347* 2772
9 0.20909 2898 0.20238 2846 0.20381 2857
10 0.20019 2828 0.21008 2906 0.20311 2851
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continued from Figure 40.
Macambira (1992) reported that Paquet et al. (1992) obtained single zircon ages 30 to 
40 Ma younger than the ages obtained by using conventional U-Pb methods in abraded 
zircons in the Pan-African rocks of Madagascar. Macambira (1992) then suggested that 
rigorously, the 207pb/206pb ages obtained by Pb-evaporation technique actually give 
only a minimum age of crystallization. Cocherie et al. (1992) also obtained single 
zircon Pb-evaporation ages 20 to 30 Ma younger than the age obtained by conventional 
U-Pb for the Hercynian granites in France. In this case, they considered that the older 
age given by the conventional U-Pb dating reflected influence of a small quantity of 
inherited radiogenic components within the analyzed zircon populations.
The investigations reported above concerning the interpretation of the 
207pb/206pb ages by the Pb-evaporation technique deal with the use of double 
filaments instead of single filaments. In fact, the utilization of single filament in Pb- 
evaporation zircon dating has been applied only at the LMS/UNH. The calibration of the 
zircon Pb-evaporation technique performed in this study on granite AF-1 of the 
Amazonian region indicates a weighted average 207pb/206pb age of 1510±17Ma which 
overlaps, within the errors, the age of 1518±25 Ma determined by conventional U-Pb 
technique. Although, the data used to calibrate the single zircon technique is not a high- 
precision U-Pb isotopic determination, the almost concordant character of the zircon 
populations for the AF-1 granite significantly constrains the conventional U-Pb age.
This calibration suggests that the 207pb/206pb ages may be interpreted as a  minimum 
age of crystallization, but also an age not very different from the actual age of 
crystallization of the zircons. Consequently, the weighted average age of 2852±10 Ma 
calculated for the zircons of the granitic gneiss of the Colmdia dome, is interpreted as 
minimum age of crystallization of these zircons and the minimum age of emplacement of 
the igneous protolith of this gneiss.
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The Grota Rica Dome Structure
The tonalitic gneiss sampled for the single zircon age determination in the Grota 
Rica dome is composed of quartz (27%), oligoclase (48%), biotite (18%) and epidote 
(5%). Muscovite, microcline and traces of titanite are also present. The rock has 
granolepidoblastic texture where oriented crystals of biotite are within a granoblastic 
polygonal matrix formed by quartz and oligoclase. The amount of zircon is very small in 
this rock and in fact, no zircon crystals were observed in thin section.
The zircon grains are euhedral to subhedral and their color is pink to pale pink 
under the binocular microscope. The crystals are usually transparent or translucent. 
The morphologies of the grains vary from long and prismatic (3:1) to stubby. Dark 
inclusions are common. The zircon of this tonalitic gneiss are less metamict than the 
zircons of the CocalSndia dome. The presence of a  reasonable amount of transparent and 
translucent zircon crystals suggests that their degree of metamictization may be similar 
to that of the zircons of the Colmdia dome. The presence of zoned crystals with inclusions 
was also confirmed with the polarized light microscope. Metamict cores are also present. 
The thin overgrowth displaying a  high birefringence noted in the zircons of the Colmdia 
and Cocalfindia is also present in some zircon crystals of the Grota Rica.
Four euhedral zircons grains from the tonalitic gneiss of the Grota Rica dome were 
analyzed by the single zircon Pb-evaporation technique. Table 18 shows the 
207Pb/206Pb ratios and the respective ages for each block of data. The plateau age 
obtained for each grain is shown in Figure 41. The zircon GR-SZa gave the oldest plateau 
age, 2870±16 Ma defined by 12 blocks of data. Eight blocks of data define a plateau age of 
2855±20 Ma for the zircon GR-SZb. The plateau age of the other two grains are 
2849±22 Ma (GR-SZc) and 2841 ±30 Ma (GR-SZd), defined respectively by 8 and 9 
blocks of data. Since these ages overlap within the limits of error, the zircons analyzed 
are considered to have crystallized during the same geologic process or event.
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Table 18- Single zircon Pb-evaporation data for tonalitic gneiss of the Grota Rica dome. Uncertainties are the standard error 
at 2a.
GR-SZa GR-SZb GR-SZc GR-SZd
pink, euhedral, transparent 
stubby
pink, transparent, euhedral, 
prismatic (3:1)
pink, euhedral, transparent, 
prismatic (3:1)
pink, translucent, euhedral, 
stubby
Block # 207Pb/206Pb Age (Ma.) 207Pb/206Pb Age (Ma.) 207Pb/206Pb Age (Ma.) 207Pb/206Pb
1 0.19994 2826 0.19615* 2794 0.17478* 2604 0.19854
3 0.21158 2918 0.20376 2857 0.17823* 2637 0.20672
3 0.20703 2882 0.20842 2893 0.19880 2816 0.19503
4 0.20961 2903 0.20568 2872 0.20028 2829 0.19832
5 0.20849 2894 0.20555 2871 0.20503 2867 0.20970
6 0.20612 2875 0.20273 2848 0.19987 2825 0.20850
7 0.20303 2851 0.19876 2816 0.19917 2820 0.20376
8 0.20440 2862 0.19965 2823 0.20802 2890 0.20020
9 0.20271 2848 0.20316 2852 0.19577
10 0.20110 2835 0.20846 2894
1 1 0.20532 2869 0.19071* 2748
12 0.20713 2883 0.18142* 2666



































0 2 4 6 8 10 12
0.23701









0 2 4 6 8























0 .2 3 7 0 1
















2841 ± 30 Ma.

















continued from Figure 41.
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The weighted average age of 2858±10 Ma is interpreted as the minimum age for 
the crystallization of the zircons and the emplacement and crystallization of the igneous 
protolith of the Grota Rica dome gneisses. The Archean age is then confirmed for these 
orthogneisses. This age is very similar to that previously obtained for the granitic 
gneiss of the Colmdia dome which suggests that this granitic gneiss and tonalitic gneiss of 
the Grota Rica dome are coeval.
The Lontra Dome Structure
The trondhjemitic gneiss of the Lontra dome structure was sampled for single 
zircon Pb-evaporation age determination. The rock is composed mainly of oligoclase 
(58%), quartz (28%), biotite (9%)and muscovite (2%). Epidote, titanite, zircon and 
secondary minerals (white mica and chlorite) are the other constituents of the gneiss. 
The plagioclase crystals are deformed and show undulatory extinction, fractures, and 
alteration mainly to white mica. Quartz forms granoblastic aggregates.The biotite and 
muscovite crystals are oriented and defines the foliation of the rock. This foliation 
generally encloses the plagioclase crystals.
The zircon grains are euhedral to subhedral. Their color under the binocular 
microscope is pink or pale pink to pinkish brown. These crystals are usually 
transparent or translucent. The morphologies of the grains vary from long and prismatic 
(3:1 or 4:1) to stubby. The presence of metamict crystals is less common than in the 
trondhjemitic gneiss of Cocaldndia dome. The zircon of the orthogneisses of the Lontra, 
Grota Rica and Colm6ia dome shows similar amounts of transparent and translucent 
zircon crystals and probably, they have similar degree of metamictization. The presence 
of zoned crystals with inclusions was also confirmed with the polarized light microscope. 
Metamict cores are also common. The zircons of the Lontra dome also present a  thin 
overgrowth displaying a high birefringence such as that noted in the zircons of the 
orthogneisses of the other dome structures.
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The 207Pb/206Pb age determination was performed on four zircon grains from 
this rock. Table 19 and Figure 42 display these results. The plateau ages range between 
2863±23 Ma (LT-SZa; 10 blocks) and 2836±10 Ma (LT-SZd; 6 blocks). Two plateau 
ages may be defined in the zircon LT-SZc. The oldest one, defined by 6 blocks of data, 
gives an age of 2856±19 Ma. The younger one of 2694±18 Ma is defined by 8 blocks of 
data. This zircon grain was transparent and prismatic (2:1) and no overgrowth or 
inherited core was evident under the binocular microscope. The older plateau age is 
interpreted as the minimum age of crystallization of this crystal. The younger plateau 
age may be interpreted as an age of secondary growth of this zircon crystal probably 
related with an Archean tectono-metamorphic event. However, this interpretation must 
be considered with extreme caution since it is based only on one zircon data set. In 
addition, other similar plateau ages were not obtained in the zircons of this or any other 
dome structure.
The weighted average 207Pb/206Pb age, not considering the 2694±18 Ma plateau 
age, is 2845±8 Ma. This average age is interpreted as the minimum age of 
crystallization of the zircons and the minimum age of crystallization and emplacement of 
the trondhjemitic protolith. Thus, an Archean age for the trondhjemitic rocks of the 
Lontra dome is also established by the Pb evaporation dating. As this age (2845±8 Ma) 
overlaps, within the limits of the error, with those obtained for the orthogneisses of the 
Colmdia (2852±10 Ma) and Grota Rica (2858±10 Ma) domes, the emplacement of the 
trondhjemitic rocks of the Lontra dome are interpreted as coeval with the emplacement 
of protolith of these two other Archean orthogneisses.
The Cantao Dome Structure
The granitic rock whose zircon was analyzed by conventional U-Pb techniques was 
also analyzed by single zircon Pb-evaporation procedures. However, the results obtained 
using this technique were not as good as those obtained for the zircons of the other
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Table 19- Single zircon Pb-evaporation data for the trondhjemitic gneiss of the Lontra dome. Uncertainties are the standard error at 2a.
LT-SZa LT-SZb LT-SZc LT-SZd
pink, tranlucent, euhedral, pink, transparent, pink, transparent, euhedral pink, translucent,
prismatic (3:1) euhedral, prismatic (3:1) prismatic (2 :1) euhedral, stubby.
Block # 207pb/206pb Age (Ma.) 207pb/206p5 Age (Ma.) 207pb/206pb Age (Ma.) 207pb/206pb Age (Ma.)
1 0.19851 2814 0.18925 2736* 0.17298* 2587 0.19798* 2810
3 0.20377 2857 0.19438 2780* 0.18582* 2706 0.19601* 2793
3 0.19966 2823 0.20005 2827 0.18292 f 2680 0.20069 2832
4 0.20515 2868 0.20824 2892 0.18184 f 2670 0.20241 2846
5 0.21129 2916 0.20770 2888 0.18338 f 2684 0.20301 2851
6 0.20266 2848 0.19991 2826 0.18869 f 2731 0.20203 2843
7 0.20827 2892 0.20779 2888 0.18186 f 2670 0.19934 2821
8 0.20694 2882 0.19932 2821 0.18698 f 2716 0.20007 2827
9 0.19964 2823 0.20613 2875 0.20102 2835 0.18596 2707
10 0.20955 2902 0.20541 2870 0.20586 2873
11 0.20731 2885
12 0.20404 2859
1 3 0.19948 2822
14 0.20443 2862
Average 0.204541282 2863 1  23 0 .204191288 2860 1 23 0 .203691240 2856 1 19 0 .201261117 2836 1  10
0 .18454±202 2694 1 18
* ratios not considered for the calculation.of the plateau age 
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continued from Figure 42.
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basement gneisses. The high degree of metamictization of the grains, probably left only a 
small portions of the zircon crystals with a U-Pb closed system. Consequently most of 
the age determinations usually indicated plateau ages bellow 1700 Ma. However, as can 
be seen in Table 20 and Figure 43 (zircon CT-SZa), the last heating step suggests an age 
older than 1800 Ma.
A translucent, prismatic (3:1) zircon crystal gave a plateau age of 1727±24 Ma 
as defined by only 4 blocks of data (CT-SZb). The last heating step gave a slightly older 
age. The zircon CT-SZc, with 8 blocks of data, defined a  plateau age of 1846±64 Ma. This 
age is interpreted as the minimum age of crystallization of the zircon crystal and the 
minimum age of crystallization of the protolith of the Cantao Gneiss.
The single zircon Pb-evaporation age is not veiy different from that suggested by 
the conventional U-Pb technique (1807±224 Ma) and the Rb-Sr whole rock data 
obtained in this study (1890±280 Ma) for the emplacement of the protolith of the 
Cantio Gneiss. Although the plateau age obtained is somewhat older than the age suggested 
by the conventional U-Pb isotope technique, it still should be regarded as a minimum age 
due to the high degree of metamictization of the zircons in the Cantao Gneiss. Because it 
is an isolated data set, additional single zircon analyses are necessary in order to obtain a 
more accurate age for the Cantao Gneiss. In spite of that, the Middle Proterozoic age for 
the emplacement of the igneous protolith of the Cant3o Gneiss seems to be well 
constrained by the Pb-evaporation zircon dating.
The Santa Luzia_Granite and Granitic Veins Associated with the Supracrustal Rocks
The single zircon Pb-evaporation technique was also applied in order to date the 
granitic veins associated with the supracrustal sequences of the Araguaia belt. These 
granitic veins are suggested to be coeval with the syntectonic granitic rocks of the Santa 
Luzia Suite which are associated with the supracrustal rocks of the Estrondo Group 
(Costa et al., 1983; Costa, 1985 and Hasui and Costa, 1990). Since these rocks were
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Table 20- Single zircon Pb-evaporation d a ta  for the C an tao  G neiss. U ncertainties are
the standard  error a t 2 a.
CT-SZa CT-SZb CT-SZc
pala pink, translucent, pink, translucent, pink, translucent,
euhedral , prismatic (3:1). euhedral, primatic (3:1) euhedral, prismatic (3:1).
block # 2 0 7 P b / 2 0 6 P b Age (Ma.) 2 0 7 P b / 2 0 6 P b Age (Ma.) 2 0 7 P b / 2 0 6 P b Age (Ma.)
1 0 .0 9 2 2 4  * 1 4 7 3 0 . 1 0 4 5 8 1 7 0 7 0 . 1 0 8 8 1 1 7 8 0
3 0 .0 8 1 6 3  * 1 2 3 7 0 . 1 0 5 4 8 1 7 2 3 0 . 1 0 7 9 0 1 7 6 4
3 0. 0 9 1 5 3  * 1 4 5 8 0 . 1 0 5 2 9 1 7 2 0 0 . 1 0 7 3 1 1 7 5 4
4 0 . 1 0 7 2 0 1 6 5 6 0 . 1 0 7 7 4 1 7 6 2 0 . 1 0 8 2 6 1 7 7 0
5 0 . 0 9 8 7 8 1601 0 . 1 2 1 0 8 19 7 2
6 0 . 1 0 1 4 3 1 6 5 0 0 . 1 1 6 0 7 1 8 9 7
7 0 . 1 0 6 3 4 1 7 3 7 0 . 1 2 0 6 2 1 9 6 5
8 0 . 1 0 4 4 0 1 7 0 4 0 . 1 1 4 0 8 1 8 6 6
9 0 . 1 1 2 4 0 1 8 2 0
Average 0 . 1 0 5 0 9 1 3 8 8 1 6 9 4 1 6 2 0 . 1 0 5 7 7 ± 4 7 1727 ± 24 0 . 1 1 3 0 2 ± 4 0 7 1846 ± 64
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emplaced during the deformational and metamorphic episodes that led to the development 
of the Araguaia belt, they offer a means of investigating the timing of structural 
development of this belt.
Approximately 30km northeast of the city of Parafso do Norte (Fig. 44) several 
granitic veins emplaced into the Canto da Vazante Formation are exposed. Some of these 
veins are folded or stretched showing pinch and swell structures. These structures 
constitute independent evidence that the emplacement of the veins was accompanied by 
deformation. As most of these granitic veins are concordant with the general N-S trend of 
the Araguaia belt, it is reasonable to assume that they were emplaced at the time of the 
structural development of this belt.
A 30cm thick granitic vein and the Santa Luzia Granite, a small granitic body 
associated with the Canto da Vazante Formation, were sampled for single zircon Pb- 
evaporation dating. Figure 44 shows the locations of these two samples. The zircon 
population from both the vein and the granitic rock are very similar. They form 
translucent and generally stubby euhedral to subhedrai crystals, although a few 
prismatic crystal (3:1) may be present. Their color under the binocular microscope Is 
pink to pinkish-brown. In general, they are intensely fractured and have black 
inclusions. Observations with the polarized light microscope show the presence of 
possible relict cores in some grains. Zoned crystals are also common. The thin 
overgrowth displaying a high birefringence previously reported for the zircon of the 
basement orthogneisses is also noted in the zircons from this granitic rock and veins.
This suggests that this overgrowth, observed as well in the Archean zircons, is coeval 
with the tectono-metamorphic episode that led to the formation of the Araguaia belt.
The precise measurement of the 207pb/206pb ralj0 jn y0ung zircons is not an 
easy task. Due to the exponential decay of U to Pb, the 207pb/206pb ratio increases 
faster in young zircons than in older zircon crystals. A variation of one unit in the third 
decimal place for instance, produces a variation of 40 Ma in the 207pb/206pb age of a
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Figure 44- Simplified geologic map of the Paraiso do Norte region after Costa et al. (1983) 
and Costa et al. (1988c). Legend on facing page.
Samples sites “a" granitic vein and "b" Santa Luzia Granite.
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zircon 400 Ma old, and 10 Ma in a zircon 2500 Ma old. Consequently, in order to get a 
precise determination of the 207pb/206pb age of zircons of Upper Precambrian or 
Paleozoic age, the error associated with the 207pb/206pb ratio determination of each 
block of data has to be at least less than five in the fourth decimal place. However, the 
error associated with 207pb/206pb ratio determination using single filament 
procedures is usually bigger than one in the third decimal place. Although this is not that 
critical to Archean and Lower Proterozoic zircons, it places some limitations in the 
interpretation of 207pb/206pb ages of young zircons due to the significant variations 
that may be obtained in these ages. In general, the variations in the 207pb/206pb ratio 
makes it very difficult to clearly define a  plateau age.
In order to minimize this problem, two approaches were used in this study to 
calculate the age of the zircons of the sampled granitic vein and rock. In the first 
approach, the best plateau age was tentatively defined by eliminating those scattered 
blocks of data based on a visual evaluation of the 207pb/206pb ratios plotted in the 
single zircon diagram. This approach is very subjective but it has to be used since any or 
all data could be eliminated statistically. The second approach was to calculate the 
weighted average 207pb/206pb ratio without eliminating any block of data. In this case 
the 207pb/206pb age is a  weighted average age. This procedure is particularly 
preferred since it weighs the errors associated in each block of data, and seem s to be 
statistically more consistent. An equation similar to the weighted average age equation 
previously defined in this section was used to calculate the 207pb/206pb weighted 
ratios.
The zircons analyzed were fractured since the zircon grains suitable for Pb- 
evaporation analyses in both vein and granitic rock all contained fractures. Several 
zircon grains of the granitic vein and rock were analyzed, however just a  few grains 
gave a significant number of blocks of 207pb/206pb ratios that would allow a 
reasonable interpretation. These results are displayed in Table 21 and in Figure 45.
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Table 21- Single zircon Pb-evaporation data lor the Santa Luzia Granite and correlated granitic veins. Uncertainties are the standard
error at 2 a.
SLv a SLv b SLgr
pink, translucent, stubby, fractured pink, translucent, stubby, fractured pink, translucent, stubby, fractured
Block # 207pb/206pb std. error Age(Ma.) 207pb/206pt,
1 0.06255 0.00565 693 0.05853
2 0.05929 0.00271 575 0.05781
3 0.05287* 0.00469 323 0.05667
4 0.06301 0.00872 709 0.05775
5 0.06122 0.01017 649 0.05452*
6 0.05165* 0.00760 270 0.05733
7 0.06160 0.01612 660 0.05740




W.A. 0.05832±196 542172 0.05716150
Average 635153
std. error Age(Ma.) 207pb/206pb std. error Age(Ma.)
0.00271 550 0.061475 0.002056 656
0.00177 523 0.061674 0.005102 663
0.00151 479 0.056869* 0.003913 486
0.00170 520 0.062076 0.006709 677
0.00146 380 0.055094* 0.003166 543
0.00114 504 0.066405* 0.012882 819
0.00235 507 0.05988 0.001892 599
0.00152 470 0.061159 0.009505 645
0.00373 517 0.055717* 0.003991 441
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Figure 45- Single zircon diagram for the granitic vein associated with the supracrustal 
rocks of the Araguaia belt. Number between parentheses are the age of the zircon 
calculated using the weighted average 207pb/206pjj ratio. Ratios eliminated 






























continued from Figure 43. Single zircon diagram for the Santa Luzia Granite.
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The weighted average age for the two zircons from the granitic vein are 542±72 
Ma and 498±19 Ma (Tab.21 and Fig. 45). The zircon from the Santa Luzia Granite has a 
weighted average age of 583±39 Ma. The plateau ages obtained by visual elimination of 
apparently spurious values of 207pfc)/206pb ratios are 635±53 Ma and 513±17 Ma 
for zircon grains from the granitic vein and 655±24 Ma for the zircon of the Santa 
Luzia Granite (Fig. 45). The plateau ages are older than the weighted average age. In the 
case of the Santa Luzia Granite, the plateau age agrees within the limits of the error with 
the Rb-Sr whole rock age of 665±12 Ma(1o) recently determined for this granitic rock 
(J.M. Lafon written communication).
The limitations in the measurements of such low 2°7pt>/206pk ratios makes it 
difficult to interpret the meaning of the Pb-evaporation data. The difference in the ages 
obtained by the two different methods of calculation strongly suggests that the weighted 
average ages represent the minimum age of crystallization of the zircons. Consequently, 
as indicated by the Rb-Sr whole rock data, an age between 600 and 700 Ma old may be 
expected for these rocks. In spite of the limitations in the definition of the actual age of 
the Santa Luzia Granite and granitic veins by the Pb-evaporation technique, the results 
indicate clearly that these rocks were emplaced during the Brasiliano thermo-tectonic 
cycle. These data corroborate the evidence from the other geochronological investigations 
suggesting that this thermo-tectonic episode is the major event responsible for the 
structural development of the Araguaia belt.
Sm-Nd Svstematics
The rocks from the Cocal&ndia, Grata Rica and Cantao domes were investigated by 
Sm-Nd analysis in order to determine, based on model ages, their crustal residence time. 
This crustal residence time reflects the time of differentiation of crust from mantle, or 
simply the time of crustal formation. This information is fundamental to an
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understanding of the origin, evolution and relationship among the basement gneisses of 
the Araguaia belt. Three samples from each of the dome structures mentioned above were 
selected for Sm-Nd analysis. From the Cantao Gneiss, two samples of the granitic 
gneisses (88-19 and 88-22) and one of the granodioritic gneiss FC-127, courtesy of 
geologist A.C.C. Souza, were analyzed. The samples of the Cocaldndia (90-37, 90-39 and 
90-40) and Grota Rica (88-08, 88-11 and 88-13) domes were the sam e used in the 
major and trace element studies.
The Sm-Nd isotopic determinations were done at the Massachusetts Institute of 
Technology using a VG-sector 54 thermal ionization solid source m ass spectrometer. The 
preparation of the samples for isotopic analyses were performed at LMS/UNH and the 
procedures are described in Appendix III. During the period of the isotopic analysis the 
Nd standard LaJolia was analyzed 4 times with an average 143Nd/144Nd ratio of 
0.511850±5. The Nd data were normalized to a ^4®Nd/144Nd ratio of 0.7219.
The Sm-Nd isotopic data are shown in Table 22, along with the Rb-Sr data for the 
analyzed samples. Table 22 also presents the Nd model age relative to a Chondritic 
Uniform Reservoir (CHUR) (DePaolo and Wasserburg, 1976) and the Sr model age 
relative to a Uniform Reservoir (UR). The EfsidfO and £sr(T) values, following the
notation widely used in the literature (DePaolo, 1988 and Faure, 1986), are also 
presented in this table. The £NdC0 and Esr("0 values were calculated for T at 2.85 Ga
and 1.85 Ga. The age of 2.85 Ga is believed to be the minimum age of crystallization of 
the igneous protolith of the Archean orthogneisses of the Araguaia belt, as suggested by 
the single-zircon Pb-evaporation dating. The 1.85 Ga seem s to be a reasonable 
estimation for the minimum age of crystallization of the protolith of the Cantao Gneiss 
also based on the single zircon Pb-evaporation technique.
The CHUR model ages for the tonalitic gneisses (3.12 and 2.92 Ga) of the Grota 
Rica dome and for the trondhjemitic gneisses (3.02 and 2.97 Ga) of the Cocal&ndia dome 
are very similar and indicate that these rocks have the sam e crustal residence time
1 9 0
Table 22- Sm-Nd and Rb-Sr isotopic data for the orthogneisses of the Cocaldndia, Grota Rica and Cantao domes.







8 8 -1 9 9.148 60.5 0.15 -0 .536 0.09135 0.510731 -12 .25 2.74E+09
88 -2 2 14.694 89.6 0.16 -0 .498 0.09879 0.510936 - 10.00 2.64E+09
FC-127 15.66 102.2 0.15 •0 .529 0.09261 0.510822 
GROTA RICA DOME
-1 0 .7 7 2.64E+09
88 -0 8 3.234 15.8 0.21 -0 .369 0.12410 0.511142 - 12.01 -2 .55 3.12E+09
88-11 3.651 19.5 0.19 -0 .425 0.11305 0.511027 -11 .62 -0 .72 2.92E+09
8 8 -1 3 3.363 22.7 0.15 -0 .546 0.08939 0.510277 
COCALANDIA DOME
-20 .68 -6 .72 3.33E+09
9 0 -3 7 3.129 19.3 0.16 -0 .503 0.09785 0.510531 -17 .72 -4 .8 5 3.22E+09
9 0 -3 9 2.299 10.6 0.22 -0 .334 0.13092 0.511325 -1 0 .0 5 -1 .4 7 3.02E+09
9 0 -4 0 1.447 8.2 0.18 •0 .460 0.10619 0.510861 -13 .24 -1 .4 5 2.97E+09
Sample# Rb Sr Rb/Sr f Rb/Sr 87Rb/86Sr 87Sr/86Sr £ Sr(1.85) e Sr(2.85) T UR
CANTAO DOME
8 8 -1 9 195.08 172.2 1.13 39.490 3.304 0.79383 51.03 1.93E+09
8 8 -2 2 193.73 221.4 0.88 30.213 2.547 0.77210 28.53 1.91E+09
FC-127 146 202.0 0.72 23.706 2.016 
GROTA RICA DOME
0.75680 11.93 1.88E+09
88 -0 8 76.25 354.1 0.22 6.647 0.624 0.72750 122.32 9.25 2.93E+09
88-11 101.44 346.3 0.29 9.417 0.85 0.73328 118.96 -41 .44 2.59E+09
8 8 -1 3 114.67 293.2 0.39 12.922 1.136 
COCALANDIA DOME
0.74687 204.07 -16 .07 2.78E+09
9 0 -3 7 77.4 381.0 0.20 6.218 0.589 0.72556 107.96 2.20 2.87E+09
90-39 70.55 409.2 0.17 5.115 0.499 0.72191 90.10 3.16 2.89E+09
90-40 53.54 387.5 0.14 4.625 0.459 0.72014 80.06 1.47 2.87E+09
(Tab. 22). In other words, their protoliths were extracted from the mantle a t the same 
time. The average CHUR model ages for these four rocks is 3.0 Ga The granitic gneisses of 
both dome-like structures give older model ages of 3.33 Ga (Grota Rica) and 3.22 Ga 
(CocalSndia), which is about 200 Ma older than the oldest model age for the associated 
orthogneisses. The reason for this older crustal residence time indicated by the granitic 
gneisses is not yet well understood. It may be related to intracrustal fractionation 
(Nelson and DePaolo, 1985) or, these granitic gneisses may in fact have an older 
protolith. Actually, some geochemical incompatibility has been described in previous 
sections of this study between the granitic gneiss and the tonalitic/trondhjemitic rocks 
in terms of Ba, Sr and Rb content. However, the data available do not allow any 
conclusive interpretation. Nd model ages relative to a Depleted Mantle reservoir (DM) 
were not calculated for these gneissic rocks since at 3.0 Ga the difference between CHUR 
and DM ages is not significant.
The UR model ages for the orthogneisses, including the granitic gneiss, of the 
CocalSndia dome are very similar (Tab. 22). They range from 2.87 to 2.89 Ga and this 
suggests that these rocks were extracted from a source with a 87Sr/06Sr mantle isotope 
signature about 2.89 Ga ago. In contrast, the disturbance of the Rb-Sr system of the 
orthogneisses of the Grota Rica dome is strongly suggested by the UR model ages.
The Cantao Gneiss has a  CHUR model age ranging between 2.64 and 2.74 Ga, which 
is younger than those of the other basement orthogneisses. These ages indicate that the 
protolith of the Cantao Gneiss has had a long crustal residence time. DM model ages for 
the Cantao Gneiss are only 20 to 40 Ma years older than CHUR model ages. As this 
difference is insignificant a CHUR source was assumed for this augen gneiss. The UR 
model age of the Cantao Gneiss suggests that it was extracted from a source with a 
87Sr/86Sr mantle isotopic signature about 1.9 Ga ago. This is in agreement with the 
estimated age of 1.85 Ga based on single zircon Pb-evaporation analyses (Fig. 43).
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The E|sjd a t 2.85 G a for the A rchean o rthogneisses a re  small and  negative (Tab.
22). The granitic gneisses have the most negative values due to their older model ages. 
The Egr values at 2.85 Ga are positive and small for the orthogneisses of the CocalSndia 
dome (Tab. 22). The Egr values for the rocks of Grota Rica dome are not of value due to 
the disturbance of the Rb-Sr system. The En^ vs. £ g r diagram (Fig. 46a) displays these
variations at 2.85 Ga
At 1.85 Ga, the Efsjd of the Archean orthogneisses ranges from -20.68 to -10.05, 
with the granitic gneisses displaying the most negative values. The E ^  values for the
Cantao gneiss range from -12.25 to -10.00 and are very similar to those of the 
tonalitic and trondhjemitic gneisses (Tab. 22). Although the E n j  values are similar, the 
£ g r values at 1.85 Ga are quite different. The Archean orthogneisses have £ g r values
roughly ranging between 80 and 122 (the granitic gneisses are not included) while the 
C antio Gneiss has £ g r values ranging from 11 to 51. Figure 46b displays clearly the 
smaller £ g r of the Cantao Gneiss.
The Efsjd and £ g r data generate a contradictory interpretation. While the similar 
Efsjd values suggest that the Cant§o Gneiss may be generated from the Archean gneisses 
studied, the smaller £ g r values of the Cantao Gneiss reject this hypothesis. Figure 47 
shows that £|\j<j values of the Cantao Gneiss lie in the path of the Nd evolution curve of the 
trondhjemitic and tonalitic gneisses at 1.85 Ga. Consequently, the igneous protolith of 
the Cantao Gneiss can be interpreted as a product of reworking of this crustal segment 
formed during the Archean. However, as suggested by the Sr isotopic data, the 
trondhjemitic and tonalitic rocks are not necessarily the source of the protolith of the 
Cantao Gneiss. This crustal source, although generated at the same time, and by the same 
geological process must have a  Rb/Sr ratio lower than those of the tonalitic and 
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Figure 47- Nd evolution diagram for the basement gneisses of the Araguaia belt
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The Aae of Structural Development of the Araguaia Belt
The K-Ar ages of muscovite, biotite and hornblende of the basement and 
supracrustal rocks of the Araguaia belt (Hasui et al., 1980 and Macambira, 1983) 
suggest that an important thermal event of Brasiliano age has affected these rocks. As a 
result, several authors have interpreted the age of structural development of the 
Araguaia belt to be related to the Brasiliano thermo-tectonic cycle (700-450 Ma) 
(Hasui et al., 1977; Macambira, 1983; Souza, 1984; Teixeira, 1984 and Dall'Agnol et 
al.,1988). A Rb-Sr whole rock reference isochron of 1050 Ma for the schists of the 
Araguaia belt has also been suggested to represent the age of structural development of 
the Araguaia belt (Hasui, et al., 1980 and Herz et al., 1989). The K-Ar Brasiliano ages 
have been interpreted by these authors as resetting ages related to heating generated 
during the granitic diapirism that ultimately formed the dome structures. This proposal 
has severe limitations because it is not supported by reliable geochronological data.
The syntectonic granitic veins and granitic rocks associated with the supracrustal 
rocks of the Araguaia belt (Costa, 1985; Hasui and Costa, 1990) were dated in this 
investigation by the single zircon Pb-evaporation technique in order to determine the 
age of emplacement of these rocks, and the age of structural evolution of the Araguaia 
belt. The weighted average ages of two zircons from the veins are 542±72 Ma and 
498±19 Ma (Fig. 45). The plateau ages for the same grains obtained by eliminating 
scattered 207Pb/206Pb ratios are 635±53 Ma and 523±17 Ma, respectively. One 
zircon from the syntectonic Santa Luzia Granite gave a weighted average age of 583±39 
Ma and a plateau age (also by eliminating the scattered 207Pb/206Pb ratios) of
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655±24 Ma (Fig. 45) This last age is in agreement with the Rb-Sr whole rock age of the 
Santa Luzia Granite of 665±12 Ma (1o)(J.M. Lafon written communication).
These zircon ages suggest that the structural development of the Araguaia belt is 
related to the tectono-metamorphic events of the Brasiliano cycle (700-450 Ma). 
Consequently, those interpretations based on the K-Ar mineral ages which consider that 
the metamorphism and deformation of the Araguaia belt took place during the Brasiliano 
cycle are supported by the single zircon ages.
The Rb-Sr mineral ages of the basement gneisses of the Araguaia belt (this work 
and Lafon et al., 1990) also suggest the effects of the Brasiliano cycle. The agreement 
among three different isotopic systems at a Brasiliano age strongly suggests that a major 
re-evaluation in the chronology of the hypothesis of Hasui and Costa (1990) concerning 
the evolution of the Araguaia belt is appropriate. They proposed that the structural 
development of this belt is a result of the oblique collision between the Brasilia and the 
Araguacema crustal blocks. This continent-continent collision is suggested to be older 
than 1873±25 Ma, which is the age of the undeformed granitic rocks of the Lajeado Suite 
intrusive into the Archean gneisses of the overthrust Brasilia block (Hasui and Costa, 
1 9 9 0 ).
If this proposed evolution for the Araguaia belt is accepted, the single zircon age of 
the syntectonic granite indicates the minimum age for this continent-continent collision. 
In this case, there may have been a misinterpretation of the structural relations 
established for the granitic rocks of the Lajeado Suite. For example, Abreu (1990) 
reported that Palermo (1988) described mylonites and ultramylonite bands in granitic 
rocks of the Lajeado Suite. Apparently then, these rocks are also at least locally 
deformed. In contrast, if the structural relations established for the granitic rocks of the 
Lajeado suite are correct, the evolution of the Araguaia belt can not be explained in the 
context of the proposed continent-continent collision.
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The Ages and Correlation of the B asem ent G neisses of the Araguaia Belt
The presence of Archean and Middle Proterozoic orthogneisses as constituents of 
the basement gneisses of the Araguaia belt is suggested by the zircon ages using both the 
conventional U-Pb method and the single zircon Pb-evaporation technique. The 
trondhjemitic gneisses of the Lontra dome have single zircon ages ranging from 
2863±23 Ma to 2836±10 Ma with a weighted average age of 2845±8 Ma (Tab. 23). The 
tonalitic gneisses of the Grota Rica dome show single zircon ages varying from 
2870±16 Ma to 2841 ±30 Ma, with a weighted average age of 2858±10 Ma (Tab. 23) 
Conventional U-Pb zircon dating suggested U.l. ages of 2789±27 Ma and 2844±260 Ma 
respectively, for the trondhjemitic gneiss of the Cocaldndia dome and for the granitic 
gneiss of the Colmeia dome (Fig. 36). Single zircon Pb-evaporation ages for this 
granitic gneiss range from 2867±24 Ma to 2844±15 Ma with an weighted average of 
2852±10 Ma (Tab. 23). These ages are interpreted as minimum ages of crystallization 
of these zircons.
The euhedral and prismatic shape of the zircons supports their igneous character. 
As a result, the zircon ages are interpreted as minimum ages of crystallization and 
emplacement of the igneous protolith of these orthogneisses. As the single zircon 
weighted average ages overlap within the limits of error, these Archean rocks are 
believed to be coeval. The zircon age for the orthogneisses of the Cocalandia dome, based 
on the U-Pb conventional method, is a little younger than the single zircon ages of the 
gneissic rocks of the Lontra, Colmeia and Grota Rica domes. This younger age may be a 
result of the higher degree of metamictization of the zircons from the Cocaldndia dome 
which produced more discordant points in the Concordia diagram. It is believed that the 
actual age of crystallization of the igneous protolith of the orthogneisses of Cocalandia 
dome may be similar to those of the other Archean basement gneisses of the Araguaia 
belt. The Sr model ages relative to U.R. of the orthogneisses of the Cocaldndia dome which 
range between 2.87 and 2.89 (Tab. 22) corroborate this hypothesis.
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Table 23- Single zircon Pb-evaporation a g e s  (Ma) for the b asem en t o rthogneisses
of the Araguaia belt.
C o lm e ia G ro ta  R ic a L o n t r a C a n t a o
d o m e d o m e d o m e d o m e
2 8 6 7 ± 2 4 2 8 7 0 ± 1 6 2 8 6 3 ± 2 3 172 8 ± 2 4
2 8 6 5 ± 3 5 2 8 5 5 ± 2 0 2 8 6 0 ± 2 3 184 6 ± 6 4
2 8 5 1 ± 1 8 2 8 4 9 + 2 2 2 8 5 6 + 1 9 1 820*
2 8 4 4 ± 15 2 8 4 1 ± 3 0 2 8 3 6 ± 10
weighted average 2 8 5 2 ± 10 2 8 5 8 ± 10 2 8 4 5 ± 8
* last heating step.
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Middle Proterozoic zircon ages were obtained for the Cant3o Gneiss. The U-Pb age 
of 1807±224 Ma for this rock (Fig. 37) suggests that it can not be older than 2031 Ma. 
Consequently, the Cantao gneiss can not be part of the Archean basement gneisses of the 
Araguaia belt. Thus, the Cantao Gneiss is a rock unit with a different origin and geologic 
evolution. The single zircon age of 1846±64 Ma for this orthogneiss (Tab. 23) is 
interpreted as the minimum age of crystallization of this mineral. As the euhedral and 
prismatic shape of the zircons suggests their igneous character, this single zircon age is 
interpreted as minimum age of crystallization of the protolith of the Cantao Gneiss. The 
Sr model ages relative to U.R. which range between 1.88 and 1.93 Ga suggest that the 
igneous protolith of the Cantao Gneiss was extracted from a source with a mantle-like Sr 
isotopic signature around 1.9 Ga ago. This age is not very different from the minimum 
age estimated by the single zircon technique, and supports the suggested Middle 
Proterozoic emplacement of the igneous protolith of the Cantao Gneiss.
The Rb-Sr whole rock ages of the Archean rocks suggest that this isotopic system 
was disturbed by the tectono-metamorphic events that affected these orthogneisses after 
the emplacement of their igneous protolith. The least disturbed Rb-Sr system seem s to 
be that of the orthogneisses of the Cocalandia dome. The Rb-Sr whole rock age of these 
rocks of 2697±790 Ma, in spite of the large uncertainty, suggests an age 100 Ma 
younger than the zircon age obtained for these orthogneisses. In addition, as mentioned 
before, the Sr model ages of these orthogneisses (Tab. 22) agree reasonably with the 
suggested minimum age (2.85 Ga) for the crystallization of the igneous protolith based 
on zircon data..
Hasui et al. (1980) and Cunha et al. (1981) suggested that the Rb-Sr whole rock 
ages of the orthogneisses of the Colmeia dome recorded the tectono-metamorphic events 
related to the Jequid (2.9-2.5 Ga) and Transamazonian (2.1-1.8 Ga) cycle. However, 
the additional Rb-Sr whole rock ages presented in this study for the basement gneisses of 
the Araguaia belt, and the evaluation of the previous Rb-Sr whole rock ages for these
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Archean orthogneisses do not show convincing evidence that the Rb-Sr whole rock 
isotopic system retained the age of any specific thermo-tectonic event.
Partial resetting of the Rb-Sr whole rock system in the basement gneisses of the 
Colmdia dome during the Transamazonian cycle has been suggested also by Lafon et al. 
(1990). This is an attractive hypothesis for explaining Rb-Sr whole rock ages which 
are a little older than 2.2 Ga for these gneisses. However, one can not forget the role of 
the Brasiliano event in the resetting of the Rb-Sr whole rock system. The fact that this 
isotopic system in the gneissic rocks of the Cantao and Cocal&ndia (?) was not severely 
reset by the Brasiliano cycle does not mean that the gneissic rocks of the other domes 
could not be severely affected. The possible impact of the Transamazonian cycle on the 
basement gneisses of the Araguaia belt cannot be ruled out, but the actual intensity of 
this thermo-tectonic cycle and its role in the evolution of the basement rocks of the 
Araguaia belt has to be reevaluated. This is tentatively addressed later in this section.
The trondhjemitic affinity of the Archean basement gneisses of the Araguaia belt, 
based on major element data, has been demonstrated elsewhere (Santos et al., 1984; 
Teixeira et al., 1985 and Dall'Agnol et al., 1988). The major and trace element 
geochemical studies presented here reinforce this trondhjemitic affinity by comparing 
these Archean orthogneisses with the Archean gray gneisses of Finland and of the 
southeastern portion of the Amazonian Craton. The Archean orthogneisses of the Araguaia 
belt constitute a typical Archean suit of rocks composed of trondhjemitic, tonalitic and 
granodioritic rocks known as the TTG suit. They present a strongly fractionated REE 
pattern and the heavy REE (HREE) depletion characteristic of the TTG rocks.
The small geochemical differences that exist in these orthogneisses may be 
explained by compositional differences in the source of their parental magma, or by any 
magmatic differentiation mechanism during the crystallization. The igneous protoliths of 
the Archean orthogneisses of the Araguaia belt have a similar minimum age of 
emplacement (=2.85 Ga). Consequently, the suggested grouping of these gneisses in a
2 0 1
single lithostratigraphic unit {Dall'Agnol et al., 1988 and Matta and Souza, 1991) is 
supported by the geochemical and geochronological data.
The Cantao Gneiss is not only a geochronologically different rock unit, but also has 
distinct geochemical features. This gneiss is characterized by higher K2O and 
ferromagnesian element contents, and lower amount of AI2O3, CaO and Na2 0  relative to 
the Archean orthogneisses (Tab. 4). In terms of trace elements, the C antio Gneiss is 
characterized by lower Sr (Fig. 18) content and higher concentrations of Rb, Ba, Th, Ta, 
Nb, Ce, Hf, Y, and REE (Fig. 21 and 27). A negative moderate Eu anomaly is another 
particular feature of the Cantao gneiss in comparison to an Eu anomaly which is absent 
or is only weakly apparent in the Archean orthogneisses (Fig. 26).
The Archean gneisses showed geochemical affinity with other TTG rock suites of the 
world in the different major and trace element discrimination diagrams used in this 
study. In contrast, the Cantao gneiss displays a strong geochemical similarity to the 
Middle Proterozoic anorogenic granitic rocks of the adjacent southeastern portion of the 
Amazonian Craton. The trace element data suggest that the igneous protolith of the Cantao 
Gneiss, similar to the anorogenic granites of the Amazonian Craton, may be a within- 
plate granite (Fig. 23) with an A-type affinity (Fig. 24). The limited number of 
samples of the Cantao Gneiss geochemically analyzed jn this study suggest a lower Ga 
content for this orthogneiss relative to A-type granite, however. In addition, the Cantao 
Gneiss has a higher AI2O3 content and a more accentuated peraluminous character 
relative to the anorogenic granites of the Amazonian Craton.
The geochemical and geochronological studies of this investigation support 
previous geological interpretations (Souza, 1984 ; Souza et al, 1985 and Dall'Agnol et 
at., 1988), which suggest that the Cantao Gneiss constitutes a distinct lithostratigraphic 
unit, whose igneous protolith was a Middle Proterozoic intrusion into the Archean rocks 
of the Colmeia Complex.
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Origin and Evolution of the Basement Orthoaneisses of the Araauaia Belt 
The geochronological and geochemical data for the basement orthogneisses which 
crop out in the core of the dome structures of the Araguaia belt indicate the presence of 
two different types of orthogneisses. These are: 1) the Archean trondhjemitic, tonalitic 
and granitic gneisses (TTG suite), grouped in the Colmdia Complex, and 2) the Cantao 
Gneiss whose Middle Proterozoic igneous protolith intruded these Archean orthogneisses.
The TTG rocks of the Araguaia belt are characterized by a  strongly fractionated 
REE pattern (LaN/YbN= 13 to 172 ) and very low YbN (0.9 to 5.6). These features are 
typical of Archean TTG whose La^/Ybfg usually ranges between 5 and 150 and the Yb^ 
varies from 0.3 to B.5 (Martin, 1986). The partial melting of basait-amphibolite, 
garnet amphibolite or eclogite (Arth and Hanson, 1972; Arth and Barker, 1976; Jahn et 
al., 1981; Martin et al., 1983a; Martin, 1986 and 1987) is the petrogenetic model 
which best explains these characteristic geochemical features. The presence of 
hornblende and mainly garnet as residual phases during the partial melting would 
account for the HREE depletion.
Rapp et al. (1991) reported amphibolite/eclogite partial melting experiments 
over a range of pressures. He suggested that trondhjemitic-tonalitic liquids with 
calculated REE patterns virtually indistinguishable from those of typical Archean TTG 
may be obtained by melting 20-40% of an eclogite at pressures higher than 18kbar. 
Based on models using major and REE elements, Nedelec et al. (1990) suggested that a 
20-30% partial melt of a garnet-bearing amphibolite generated the parental magma of 
the Archean TTG rocks of southern Cameroon.
The fractional crystallization of hornblende±plagioclase±biotite in a wet basaltic 
melt has also been suggested as a means of generating TTG rocks (Barker et al., 1976 and 
Kramers, 1988). However, the presence of garnet as a fractionating phase in this 
petrogenetic model is required to explain the HREE depletion of the Archean TTG (Rapp et 
al., 1991).
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The TTG rocks of the Araguaia belt are characterized by a mantle-like isotopic 
signature as indicated by the trondhjemites of Cocal&ndia dome whose £sr(2.85 Ga) values 
are +1.47 and +3.16 (Tab. 22). The £Nd(2.85 Ga) °* this rock is around -1.46, while 
the &Nd(2.85 Ga) the tonalites of the Grota Rica dome are -0.72 and -2.55 (Tab. 22).
Considering that the age of 2.85 Ga is a minimum age of crystallization for the igneous 
protolith of these gneisses, the values of and Egr at the actual time of
crystallization must be = 0. This mantle-like isotope signature is another striking 
characteristic of the Archean TTG rocks (Martin, 1986). However, as the TTG magmas 
cannot be generated by partial melting of mantle peridotites (Martin, 1987), the source 
of the TTG parental magma must be a rock with a short crustal residence time. Based on 
this isotopic information, and also considering the constraints imposed by the REE, the 
origin of the Archean TTG rocks is suggested to have taken place in three steps: 
i) melting of mantle peridotite to produce basalt, ii) transformation of basalt into 
eclogite or garnet-bearing amphibolite, and iii) partial melting of these high pressure 
mafic rocks to produce the TTG parental magma (Martin et al., 1983a; Jahn and Zhang, 
1984; Martin, 1987, Nedelec et al., 1990).
The isotopic and the REE geochemistry of the TTG rocks of the Araguaia belt do not 
argue against the above suggested evolution for the Archean TTG rocks. In fact, the 
different stages involved in the evolution of the Archean TTG rocks can be recognized in 
the basement orthogneisses of the Araguaia belt. The extraction of the mafic source from 
the mantle may have taken place around 3.0 Ga as suggested by the average Sm-Nd model 
ages for the tonalites and trondhjemites. The subsequent partial fusion of garnet-bearing 
amphibolite and/or eclogite to generate the TTG parental magma is suggested by the 
strongly fractionated REE pattern and very low Yb^ value. The final stage of the evolution
is the emplacement of the TTG rocks whose minimum age of crystallization is estimated 
to be 2.85 Ga.
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The time span between the generation of the basaltic source and the emplacement of 
the TTG rocks is estimated as not more than 150 Ma. Jahn and Zhang (1984) reported a 
time span of 100 Ma between the generation of the basaltic magma and the emplacement 
of the Archean TTG in the Hebei Province, China. Martin et al. (1983a) estimated that 
the protolith of the Archean TTG gneisses from eastern Finland was separated from the 
ultimate mantle source no more than 200 Ma before the emplacement of these TTG.
The interpretation of the origin of the granitic gneisses of the Grota Rica and 
CocalSndia domes is considered separately since they present older Sm-Nd model ages 
(Tab. 22). The strongly fractionated REE pattern and low Yb^ values of these granitic
gneisses suggest that their parental magma was also generated by partial melting of 
garnet-bearing amphibolite and/or eclogite. As mentioned in the previous section, the 
minimum age of crystallization of the granitic gneiss of the Colmdia dome, indicated by 
the single zircon Pb-evaporation technique, is similar to the age of crystallization of the 
tonalitic and trondhjemitic gneisses of Lontra, Grota Rica and Cocalandia domes. 
Therefore, there is evidence that the emplacement of the basement trondhjemites and 
tonalites of the Araguaia belt was accompanied by the emplacement of granitic rocks.
In addition, the Sr model age relative to U.R. of the granitic gneiss of CocalSndia 
(2.87 Ga) is similar to the Sr model ages of the associated trondhjemitic gneisses (2.87 
and 2.89 Ga) (Tab. 22). This indicates that these rocks were extracted at the same time 
from a source with a similar Sr isotopic signature. Consequently, they were generated 
during the same geological process, i.e. the partial fusion of high pressure mafic rocks. 
The fact that the granitic gneisses of CocalSndia and Grota Rica domes present older Sm- 
Nd model ages suggests that they may have an older mafic source. However, there is also 
a possibility that these older Sm-Nd model ages are the result of a disturbance of the 
Sm-Nd system during the subsequent metamorphic episodes that affected these rocks. 
Additional Sm-Nd model ages in the granitic gneisses of the Araguaia belt are necessary 
to reach a more conclusive interpretation.
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The generation of trondhjemites and tonalites on a massive scale during the 
Archean (3.8-2.5 Ga ago) marked the transition from a simatic to a sialic crust (Rapp 
et al.t 1991). However, the tectonic scenario envisaged for this magmatic contribution 
to cratonization is not well understood. The different tectonic models proposed have 
considered that the Archean TTG rocks were formed : 1) by partial melting of an 
underplated magmatic reservoir and remelting of older continental crust related to 
Archean hot spot activities (Lambert, 1981); 2) by partial melting of a mafic crust in a 
subduction zone (Condie, 1981; Nisbet, 1984 and Martin, 1986), and 3) by partial 
melting of a thick oceanic crust in a convergent tectonic style similar to that of the 
modern continent-continent collision (Wilks, 1988). In the last two models, the 
petrologic differences that characterize the Archean granitic rocks from those of later 
terrains are tentatively explained by the higher thermal gradient in the Archean.
The petrological, geochemical, and geochronological data available for the TTG 
rocks of the Araguaia belt investigated here do not allow the definition of which of the 
tectonic scenarios above proposed, if any, may have been a instrumental in the evolution 
of these rocks. In addition, the small area of exposure of these rocks, limited to the core 
of dome structures, does not favor a tectonic interpretation based on structural and field 
evidence. The structural and field date are more easily obtained in the TTG rocks 
cropping out in the adjacent Amazonian Craton, and in the basement gneisses exposed in 
the southeastern portions of the Araguaia belt. However, the relationships between the 
TTG gneisses of the dome like-structures of the Araguaia belt and those of the two above 
mentioned regions are not known. These relationships need to be established before to 
extending any tectonic model developed for the TTG rocks of these regions to the TTG 
rocks of the Araguaia belt. Thus far, no tectonic model has been established either for 
origin of the Archean TTG of the adjacent Amazonian Craton or the basement gneisses of 
the southeastern portion of the Araguaia belt. Geologic, geophysical, geochemical and
2 0 6
geochronologic studies in the Archean gneisses of these two regions are required before a 
convincing model can be proposed for them.
Hasui et al. (1980) and Costa (1980) suggested that the TTG rocks of the Araguaia 
belt underwent metamorphism and deformation during the Late Archean. The tectonic 
surfaces generated by this tectono-metamorphic episode are preserved as relict E-W 
trending foliation in these rocks (Costa, 1980; Costa et al., 1983; Teixeira, 1984 and 
Costa, 1985). However, the age of this Archean event is not well established. The 
evaluation of the Rb-Sr whole rock ages of the TTG rocks carried out in this work 
suggests that the Rb-Sr isotopic system does not clearly record the age of this suggested 
Archean metamorphic event.
The secondary plateau age of 2.7 Ga obtained in one zircon from the orthogneiss of 
the Lontra dome may perhaps be interpreted as the age of this metamorphism. However, 
this interpretation must be viewed with caution since it is based on only one date. A way 
to investigate the age of this metamorphism is by dating single zircons of leucosomes 
generated at the time of the Archean deformation. Certainly, it would not be an easy task 
since the Archean tectonic surfaces were transposed and obliterated by the tectono- 
thermal event responsible for the structural development of the Araguaia belt.
Another way to determine the age of this Archean event is by assuming that the 
tectono-metamorphic cycle that generated the E-W trending foliation in the basement 
gneisses of Araguaia belt is coeval with the event that imprinted the E-W trending 
foliation in the Archean gneisses of the southeastern portion of the Amazonian Craton. In 
this case, one would have to assume that the basement rocks of the Araguaia belt are part 
of the Amazonian Craton. This hypothesis will be discussed later in this section. K-Ar 
ages in hornblende from the Rio Maria Granodiorite of 2638±182 Ma (2o) and a Rb-Sr 
whole rock age from the Xinguara granite of 2528±42 Ma(2cr) are interpreted as dating 
the final stages of the Archean tectono-metamorphic event in this part of the Amazonian 
Craton (Macambira, 1992). If one considers that the basement gneisses of the Araguaia
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belt are part of the Amazonian Craton, this would represent a reasonable estimate of the 
timing of the final stages of metamorphism and deformation of the basement gneisses of 
this belt.
In the Middle Proterozoic, the Archean crust was intruded by the protolith of the 
Cantao Gneiss. The evidence that the Cant&o Gneiss was generated by partial melting of 
rocks of this Archean crust is given by the the Sm-Nd model ages (2.64 to 2.74 Ga), and 
by £ Nd(1.85 Ga) which ranges between -10 and -12, and which is very similar to the 
£ Nd(1.85 Ga) °f ,he tonalitic and trondhjemitic rocks (Tab. 22). The Nd evolution 
diagram (Fig. 47) shows that the Cantao Gneiss lies in the path of Nd evolution of the 
trondhjemitic and tonalitic rocks of the Cocalfindia and Grota Rica domes. However, these 
TTG gneisses can not be the source of the parental magma of the Cantao Gneiss since their 
e Sr(1.85 Ga) 's  much higher than those of the Cantao Gneiss (Fig. 46 and Tab. 22). In 
addition, the Sr model age relative to U.R. of the Cantao Gneiss suggests that its igneous 
protolith was extracted from a source with mantle like Sr isotope signature around 1.9 
Ga.This implies that the source of the Cantao Gneiss must have a  87Sr/06Sr much lower 
than that of the TTG gneisses at 1.9 Ga. Consequently, this source may be: 1) the mafic 
rocks whose partial melting generated the TTG rocks; 2) the residual assemblage of this 
melt plus the left over material from this mafic source or 3) intermediate to mafic 
rocks formed by crystal settling during a possible fractional crystallization during the 
evolution of the TTG rocks.
The generation of anorogenic granitic rocks in the Proterozoic has been related to 
extensional episodes and underplating of mafic magmas which produce the required 
heating for the partial melting of the lower crustal rocks ( Anderson, 1983; Haapala and 
Rdmd, 1990). It is then suggested that, following the intense Archean event of crustal 
formation and deformation, the stable Archean crust underwent extension, thinning and 
probably massive underplating with mafic magma. This extensional event, which
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occurred around 2.0 Ga, led to the melting of the lower crust generating the granitic 
magma (Cantao Gneiss protolith) that ascended and intruded the Archean rocks.
This extensional event involving the Araguaia belt basement gneisses had a 
regional distribution, and is recognized in the Amazonian Craton where several 
anorogenic granitic rocks with U-Pb zircon ages around 1.88-1.85 Ga have been 
reported (Machado et al., 1991). Among them is the Musa Granite (1,88 Ga) whose 
geochemical similarity with the Cantao Gneiss was detailed in trace element diagrams in 
this study. The Jamon Granite, the other anorogenic granite used in the geochemical 
comparison with the Cantao Gneiss, has an Rb-Sr whole rock age of 1601 ±42 Ma (1o) 
(Dall'Agnol et al., 1984). However, Macambira (1992) showed that the Rb-Sr age for 
these anorogenic granites is systematically lower than the U-Pb zircon ages, and so an 
older age for the Jamon Granite should be expected.
The regional extensional event recognized in the southeastern part of the 
Amazonian Craton, may in fact represent the Transamazonian cycle in this portion of the 
Amazonian Craton and in the basement rocks of the Araguaia belt. In the northern 
segment of the Amazonian Craton, the Transamazonian cycle is responsible for the 
deformational and metamorphic events (Hurley et al., 1968 and Gibbs and Olszewski, 
1982). In contrast, in the southeast portion of the Amazonian Craton, although the 
Transamazonian event reset the K-Ar clock of biotite, it did not reset the K-Ar clock of 
the hornblende (Renne et al., 1988 and Macambira, 1992). Machado et al. (1991) 
suggested that the Transamazonian cycle in the southeastern portion of the Amazonian 
Craton is restricted to very low metamorphic grade. The Transamazonian cycle in this 
region may be related to the extensional tectonics suggested by Souza et al. (1990) to 
explain the generation of the Middle Proterozoic anorogenic granites in this portion of 
the Amazonian Craton.
The presence of a Middle Proterozoic granitic intrusion in the Archean crust of the 
Araguaia belt, geochronologically and geochemically similar to those of the Amazonian
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Craton, suggests interpretation of the origin and evolution of the Cantao Gneiss in the 
same context as the adjacent Amazonian Craton. As a result, it is implied that the effect of 
the Transamazonian cycle on the orthogneisses of the Araguaia belt did not play an 
important role in the resetting of the Rb-Sr whole rock systematics. The Rb-Sr whole 
rock ages around 2.2 Ga would then represent in fact a partial resetting during the 
Brasiliano cycle.
The Brasiliano tectono-metamorphic event, that led to the structural evolution of 
the Araguaia belt, deformed and metamorphosed the Middle Proterozoic granitic rock 
which formed the Cantao Gneiss. During this event, the TTG gneisses were also deformed. 
The Archean E-W trending foliation was also deformed and transposed by tectonic 
surfaces oriented predominantly in the N-S direction. That this tectono-metamorphic 
event is related to the Brasiliano cycle is indicated by;1) by the single zircon ages of the 
syntectonic granitic veins and rocks associated with the supracrustal rocks of the 
Araguaia belt; 2) Rb-Sr mineral ages in the Cantao Gneiss and in the granitic gneiss of 
the Grota Rica dome, and 3) the K-Ar mineral ages in muscovite and biotite in the 
orthogneisses of the Lontra dome and also, in hornblende, muscovite and biotite of the 
supracrustal sequence in the outskirts of this dome.
The Correlation Between the Basement Gneisses of the Araguaia Belt and the Rocks of the
Amazonian Craton
The structural similarities between the basement rocks of the Araguaia belt and 
the Archean rocks of the Amazonian Craton has been stressed by Costa (1985). He stated 
that the E-W structural patterns of the lithologic units of the Amazonian Craton are also 
recognized in the rocks of the Colmdia Complex and Rio do Coco Group. The geophysical 
interpretation of the south segment of the Araguaia belt suggests that this belt is part of 
a major crustal block that includes a significant portion of the Amazonian Craton (Hasui 
and Haraly, 1981; Hasui and Haraly, 1985). These structural and geophysical
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interpretations suggest that the supracrustal rocks of the Araguaia belt were deposited 
in a passive margin developed in the east side of the Amazonian Craton (Hasui and Costa, 
1990). The relationship between the Araguaia belt and the Amazonian Craton is 
illustrated by the composite geology-gravimetry profile between the cities of Tupiranga 
and Redengao presented by Abreu (1990) and shown in Figure 48.
In this study, geochemical and geochronological similarities between the basement 
gneisses of the Araguaia belt and the rocks of the Amazonian Craton are reported. These 
data support the suggestion that the basement rocks of the Araguaia belt may be part of 
the Amazonian Craton.
The minimum age of crystallization of the TTG gneisses of the Araguaia belt (2.85 
Ga), given by the single zircon ages agree reasonably well with the zircon ages of the 
orthogneisses of the Amazonian Craton. Machado et al. (1991) reported zircon ages of 
2851±4 Ma for the gneissic rocks of the Xingu Complex. Macambira (1992) reported 
zircon ages of 2957±25 Ma for the Arco Verde Metatonalite and 2874±10 Ma for the Rio 
Maria Granodiorite. These ages suggests that this whole crustal segment was formed in a 
time span of 100 Ma.
Another striking geological similarity is the presence of Middle Proterozoic 
granite intrusives in the Archean rocks of both regions. These granites have similar ages 
and geochemical features which are typical of anorogenic granites. In the Araguaia belt, 
this anorogenic magmatism is represented by the Cantao gneiss whose igneous protolith 
emplacement was at least 1.85 Ga ago. In the Amazonian Craton, the following anorogenic 
granites were dated by U-Pb in zircon: Carajds (1.88 Ga), Cigano (1.88 Ga), Pojuca 
(1.88 Ga) and Musa (1.88 Ga) (Machado et al.,1991). The Jamon (1.6 Ga) and Salobo 
(1.88 Ga) granites have been dated by Rb-Sr method (Dall'Agnol et al., 1984 and 
DOCEGEO, 1988). The Rb-Sr ages for these granites are in general younger than the U- 
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Figure 48- Composite gravimetry-geology profile between Reden^ao and Tupiranga modified after Abreu (1990). Gravimetric 
profile after Carvalho (1988).
1 -granitic-gneissic basement; 2 - Canto da Vazante Formation; 3 -Morro do Campo Formation; 4- Xambioa Formation; 
5- Tocantins Group; 6- Phanerozoic cover of the Parnatba Basin.
Unfortunately, there are no Sm-Nd data for the Archean gneisses and granites of 
the Amazonian Craton. These isotopic data are fundamental to an understanding of the 
crustal evolution of these rocks, and necessary to advance the geochemical and 
geochronological comparison of these gneisses and granites with the basement gneisses of 
Araguaia belt.
Summary
The single zircon Pb-evaporation data for the granitic veins and granitic rocks 
associated with the supracrustal rocks of the Araguaia belt suggest that the Brasiliano 
thermo-tectonic cycle was responsible for the structural evolution of the Araguaia belt.
The geochronologic and geochemical investigations of this study in the basement 
gneisses of the Lontra, Grota Rica, Cocalandia, Colm6ia and Cantao domes in the Araguaia 
belt yield the following conclusions:
1) The basement orthogneisses are made up of Archean and Middle Proterozoic rocks. The 
former crop out in the Lontra, Grota Rica, Cocaldndia and Colm6ia domes, while in the 
Cantao dome the younger Middle Proterozoic gneiss is exposed.
2) The major and trace element geochemical data show the predominant trondhjemitic 
affinity of the Archean orthogneisses. They also indicate a geochemical similarity 
between the Middle Proterozoic granitic gneiss of the Cantao dome and the anorogenic 
granites of the Amazonian Craton.
3) The single zircon Pb-evaporation data indicate a minimum age of emplacement of the 
igneous protoliths of the Archean orthogneisses 2.85 Ga ago. As a  result, from a 
geochronologic point of view, these Archean gneisses may be grouped as a single 
lithostratigraphic unit.
4) The Sm-Nd model ages of the trondhjemitic and tonalitic gneisses of the Cocaldndia 
and Colmdia domes suggest that the source of their parental magma was extracted from 
the mantle around 3.0 Ga..
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5) The Rb-Sr whole rock ages for the Archean orthogneisses are interpreted as partial 
resetting ages. These data imply that the Rb-Sr whole rock isotopic system does not 
clearly record the age of the Archean metamorphism suggested to affect the 
orthogneisses.
6) Based on the single zircon Pb-evaporation data, the minimum age of emplacement for 
the Middle Proterozoic granitic Cantao Gneiss is suggested as 1.85 Ga.
7) The igneous protolith of the Cantao Gneiss was generated by partial melting of 
Archean rocks, however, with a lower ®7Sr/B6Sr than the Archean trondhjemites and 
tonalites.
8) The geochronological and geochemical similarities between the Cantao and the Middle 
Proterozoic anorogenic granites of the Amazonian Craton suggest that emplacement of the 
protolith of this gneiss is related to the extensional event that initiated the anorogenic 
magmatism in the Amazonian Craton around 2.0 Ga ago.
9) The Brasiliano tectono-metamorphic cycle was responsible for the deformational and 
metamorphic episodes that ultimately produced the gneissic character of the Cantao 
Gneiss, and;
10) The geochronological and geochemical similarities between the basement 
orthogneisses of the Araguaia belt and the rocks of the Amazonian Craton support 
structural and geophysical interpretations suggesting that the supracrustal sequences of 
the Araguaia belt were deposited on the rocks of this craton. In this case, the limit of the 
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APPENDICES
Appendix la - Major element data of the volcanic rock K-1919 used a s  standard in 
UMASS X-ray laboratory
Si0 2 4 9 . 6 8 4 9 . 7 7 4 9 . 8 4 4 9 . 7 7 4 9 . 7 6 4 9 . 8 8 4 9 . 7 5 4 9 . 6 9
Average
4 9 . 7 7
std. dev 
0 . 0 6 7 6
TIO2 2 .7 9 2 . 8 0 2 .8 0 2 .8 0 2 . 8 0 2 . 8 0 2 . 8 0 2.81 2 . 8 0 0 . 0 0 5 3
AI2 O3 13 .6 8 1 3 .6 9 13 .6 8 13 .6 6 1 3 .7 0 1 3 .6 7 1 3 . 6 6 1 3 .6 6 13 .6 8 0 .0 1 5 1
F02O3 1 2 . 1 1 12 .1 4 12 .1 5 12 .1 4 12 .1 4 1 2 .1 3 1 2 . 1 3 1 2 . 1 2 12 .1 3 0 . 0 1 2 8
MnO 0 . 1 7 0 . 1 7 0 . 1 7 0 .1 7 0 .1 7 0 . 1 7 0 . 1 7 0 . 1 7 0 .1 7 0 . 0 0 0 0
Mgo 6 .7 2 6 . 6 7 6 .7 4 6 .6 9 6.71 6 . 6 9 6 . 6 7 6 . 6 6 6 . 6 9 0 . 0 2 7 7
GO 11.41 11 .4 2 11 .4 3 11 .4 2 11 .4 2 1 1 .4 2 1 1 . 4 4 1 1 . 4 3 1 1 .4 2 0 . 0 0 9 2
Na2 0 2 .4 2 2.41 2 .3 9 2 . 3 3 2 .3 6 2 .3 2 2 . 3 6 2 . 4 5 2 .3 8 0 . 0 4 5 4
K2O 0 .5 4 0 .5 4 0 .5 4 0 .5 4 0 .5 4 0 .5 4 0 . 5 4 0 .5 4 0 .5 4 0 . 0 0 0 0
P2O5 0 .2 8 0 .2 8 0 .2 8 0 .2 8 0 .2 8 0 . 2 9 0 . 2 8 0 . 2 9 0 .2 8 0 . 0 0 4 6
total 9 9 .8 0 9 9 .8 9 10 0 .0 2 9 9 . 8 0 9 9 . 8 8 99.91 9 9 . 8 0 9 9 .8 2 9 9 . 8 7
Appendix lb • INAA data for standard RGM-1
RGM-1 RGM-1 RGM-1 RGM-1* std. dev*.
Na20% 4 . 0 7 4 .1 2 4 .0 5 4 .0 7 0 .1 5
CaO% 0.91 0 .8 5 1 .15 0 .07
Sc 4 .3 5 4 . 4 4 4 .4 2 4 .4 0 0 .3 0
Cr 2 .4 3 3 . 6 5 2 .8 8 3 .7 0 1 .20
FeO% 1.61 1.63 1 .66 1 .67 0 .0 5
Cb 1.85 1 .89 19 .0 0 2 .0 0 0 .2 0
Rb 1 3 5 . 5 5 1 5 0 . 9 3 1 4 6 . 0 8 1 4 9 . 0 0 8 .0 0
C8 9 .8 7 9 .5 2 9 .1 0 9 .6 0 0 .6 0
La 2 2 . 2 6 22.61 2 2 . 4 7 2 4 . 0 0 1 .10
Cb 4 6 . 1 7 4 7 . 2 4 4 6 . 2 5 4 7 . 0 0 4 .00
ISti 19 .3 6 2 1 .1 6 22 .1 2 19 .0 0 1 .00
Sm 3 .8 9 4 .01 4.01 4 . 3 0 0 .30
Eu 0 .5 8 0 . 6 0 0 .6 0 0 .6 6 0 .08
GU 8.9 9 9 . 3 0 9 .02 9 .5 0 0 .80
Tb 0 .5 9 0 . 5 4 0.51 0 .6 6 0 .06
Ho 0 .9 5 1 .3 4 0 .97 0 . 9 5 0 .22
Yb 2.61 2 . 7 3 2 .57 2 .6 0 0 .3 0
Lu 0.37 0 . 3 9 0 .39 0.41 0 .0 3
HI 6 .1 9 6 . 6 0 6 .40 6 .2 0 0 .22
Ta 1.16 1.21 1 .23 0 .9 5 0 .1 0
Th 14.13 14 .3 0 14 .3 5 15.10 1 .30
U 5.41 6 . 5 5 5 .6 9 5 .8 0 0 .5 0
* average and standard deviation for INAA results
for RGM-1 after Gladney and Roelandts (1987)
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Appendix lla- Chemical da ta  for the Lontra (LT) and  XambioA dom es after S an to s  e t  al.
( 1 9 8 4 )
LT-4 LT-5
Si0 2 71.00 72.10
Ti02 0.26 0.17
AI2O3 15.20 14.30




Na2 0 5.89 5.22









Zr 134 1 54
LT-6 XB-1 XB-2
73 .0 0 7 2 .1 8 6 9 .0 0
0 .18 0 .19 0 .40
15.90 14 .30 15.15
1.64 1.50 3 .6 7
0 .43 0 .43 0 .89
2 .56 2 .15 3 .1 9
5.51 4 .89 4 .6 6
1.03 1.75 1.68
0 .05 0 .19 0 .40
0 .68 0.41 0 .54
100 .98 97 .9 9 9 9 .5 8
1.64 0 .62 1.19
0 .79 2 .2 3
4 2 5 5 70
4 6 8 4 0 8 2 7 8
4 7 9 9 3 9 561
1 09 85 1 79
XB-3 XB-4 XB-5
7 4 .1 0 7 1 .3 0 71 .5 4
0 .25 0 .3 8 0 .25
14 .53 1 4 .75 15.25
2 .1 0 2 .2 9 2 .33
0 .32 0 .4 2 0.45
1.98 2 .1 4 2 .24
4.21 4 .5 0 5 .1 3
3 .3 5 1 .83 2 .16
0 .12 0 .15 0 .1 7
0 .48 0 .45 0.51
101 .44 98.21 10 0 .0 3
1.01 0 .9 6 0 .89
0 .98 1.2 1.3
8 0 6 3 74
2 2 4 3 4 5 4 2 7
9 0 7 6 6 7 7 3 2
129 98 1 20
Normative calculation
LT-04 LT-05 LT-06 XB-01 XB-02 XB-03 XB-04 XB-05
Ap 0 .15 0 .16 0.1 1 0 .42 0 .89 0 .26 0 .3 3 0 .38
II 0 .50 0 .3 3 0 .34 0 .36 0 .7 7 0 .48 0 .7 2 0 .48
Mt 0 .99 1.01 0.81 0.90 1.76 1.47 1.38 1.30
Or 7 .18 13.30 6 .07 10 .32 10 .07 19 .78 10 .70 12.80
Ab 5 0 .0 7 4 4 .5 8 4 6 .4 9 41 .31 4 0 .0 3 3 5 .6 0 3 7 .6 8 43 .5 5
An 1 1.52 8 .50 12.34 9.41 13.41 9 .0 3 9 .5 4 10.04
Di 2 .55
Hy 0 .64 1.18 1 .01 0 .94 2 .42 0 .73 0 .98 1.21
c 0 .4 3 2 .3 7 1.81 1.67 1.33 3 .6 4 1.62
Q 25 .4 0 28 .6 8 30 .6 0 3 2 .0 2 2 7 .7 6 3 2 .1 7 3 2 .6 7 2 8 .0 0
TOTAL 9 8 .9 9 98 .1 6 100 .14 9 7 .4 9 9 8 .7 9 100 .85 9 7 .6 3 99 .38
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Appendix lib- Chem ical d a ta  from the Cocaldndia and  G rota Rica (*) dom es after
T eixeira e t  al. (1985)
FN-147 FN-48pg FN-150 FN-149 FN-48 *FN-30C •FN-30
Si02 6 9 .5 0 7 1 .4 0 71 .9 0 7 2 .6 0 7 2 .0 0 69 .7 0 7 5 .9 0
Ti02 0 .2 8 0 .24 0 .24 0.19 0 .26 0 .38 0 .0 9
AI2O3 16.20 14.80 15 .50 14.80 15.40 16 .30 14 .40
F8203 2 .2 2 2 .5 3 2 .54 2.05 2 .76 2 .98 1.84
MnO 0.02 0 .02 0 .03 0.02 0 .02 0 .0 3 0.01
MgO 0.65 0 .68 0 .65 0.74 0 .75 0 .75 0 .2 3
cao 1.94 2 .1 9 1.74 1.54 1.38 2 .2 7 1.41
Na20 4 .6 8 5 .06 4 .73 4 .92 4 .75 4 .6 6 3 .6 0
K20 2 .7 5 1.81 1.45 1.47 3 .06 2 .22 3 .6 0
P2O5 0 .2 0 0 .09 0 .07 0 .05 0 .10 0 .1 3 0 .0 3
LOI 0 .7 2 0 .55 0 .55 0 .93 0 .35 0 .8 6 0 .4 5
total 9 9 .1 6 9 9 .3 7 99 .4 0 99.31 100 .83 100 .28 101 .56
Fe203 1.25 0 .57 0 .59 0 .60 0 .50 1.21 0 .1 8
FeO 0 .8 7 1.15 1.16 0 .72 1.36 1.59 0 .5 7
Rb 78 6 4 5 3 4 8 79 7 7 7 2
Sr 5 0 7 3 4 0 3 5 8 2 6 9 2 9 2 3 4 3 4 3 0
Zr 142 1 19 1 1 8 98 189 1 9 3 7 9
Normative calculation
FN/147 FN/48pg FN-150 FN/149 FN/48 FN/30C FN/30
Ap 0 .4 3 0 .20 0 .15 0.11 0 .22 0 .28 0 .0 7
11 0 .5 2 0 .4 6 0 .45 0 .36 0 .49 0 .72 0 .1 7
Mt 1.78 0 .83 0 .84 0 .86 0 .72 1.74 0 .2 6
Or 15 .95 10 .76 8.41 8 .55 18 .02 12 .99 2 0 .9 6
Ab 3 8 .8 7 43 .0 8 39 .2 9 4 1 .0 0 40 .0 6 3 9 .0 5 3 0 .0 3
An 8 .1 6 10.34 8 .03 7 .20 6 .1 7 10.31 6 .7 0
Hy 1.10 1.61 1.53 1.40 1.86 1.72 0 .66
C 4 .8 7 1.51 6 .20 4.80 4 .00 4 .7 9 4 .1 2
Q 2 6 .6 6 2 9 .2 2 33 .16 3 3 .3 7 2 8 .0 3 2 7 .6 3 3 7 .0 6
TOTAL 9 8 .3 4 98.01 98 .06 97 .65 99 .58 9 9 .2 4 100 .02
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Appendix lie- Chem ical d a ta  for the C an tao  G neiss after S o u z a  e t al. (1985)
FC-40 FC-127 FC-36 FC-34 FC-51 AC-26 FC-89 FC-26 FC-54
Si02 63.90 66.30 66.30 67.90 70.10 67.50 71.20 72.80 70.80
Ti02 1.01 0.87 0.61 0.66 0.52 0.40 0.41 0.24 0.27
AI203 14.40 14.00 14.20 14.10 13.80 15.70 13.60 13.40 14.80
Fe203 7.28 6.23 5.11 5.23 4.04 3.38 3.33 2.58 2.35
MnO 0.07 0.09 0.06 0.04 0.03 0.03 0.03 0.02 0.02
MgO 1.29 1.07 1.09 0.94 0.75 0.67 0.72 0.53 0.44
GaO 3.31 2.85 2.74 2.35 2.00 1.73 1.41 1.40 1.63
Na20 3.55 3.48 3.67 4.20 3.61 3.92 3.40 3.48 3.86
K20 3.65 3.68 3.92 2.98 4.24 5.06 4.38 4.62 4.76
P205 0.36 0.31 0.23 0.25 0.22 0.19 0.17 0.08 0.13
L.O.I. 0.46 0.50 0.39 0.42 0.42 0.46 0.54 0.37 0.45
total 99.28 99.38 98.32 99.07 99.73 99.04 99.19 99.52 99.51
Fe203 2.30 1.59 1.40 1.48 1.18 0.76 1.08 0.56 0.38
FeO 4.47 4.17 3.33 3.37 2.57 2.35 2.02 1.81 1.77
Rb 153 146 142 178 162 261 147 187 223
Sr 279 202 240 226 202 226 162 1 99 202
Z r 5 2 7 4 9 8 4 3 9 421 3 2 6 2 7 4 3 0 9 1 93 2 0 7
Y 8 1 5 0 3 1 3 6 24 25 3 7 1 5 24
Normative calculation
FC-40 FC-127 FC-36 FC-34 FC-51 AC-26 FC-89 FC-26 FC-54
Ap 0.79 0.68 0..51 0.55 0.48 0.42 0.37 0.18 0.29
II 1.92 1.66 1..16 1.26 0.99 0.76 0.78 0.46 0.51
Mt 3.34 2.31 2. 03 2.15 1.71 1.10 1.57 0.81 0.55
Or 21.57 21.74 23. 16 17.60 25.05 29.89 25.87 27.29 28.12
Ab 30.04 29.45 31. 05 35.54 30.55 33.17 28.77 29.44 32.66
An 12.58 11.71 10 . 70 10.03 8.49 7.34 5.88 6.42 7.24
Di 1.25 0.34 1. 17
Hy 7.35 7.57 6. 19 6.29 4.81 4.75 3.99 3.82 3.62
C 0.29 0.16 1.09 1.11 0.32 0.65
Q 19.46 22.95 21. 58 24.56 26.78 19.78 30.08 30.20 25.22
TOTAL 98.31 98.41 97. 55 98.27 99.02 98.31 98.42 98.94 98.86
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continued from Appendix He, C antao G neiss chem ical da ta
FC-103 FC-30 FC-68 FC-29 FC-39 AC-31
Si02 73,20 72.80 72.80 73.00 72.80 75.20
Ti02 0.26 0.22 0.33 0.17 0.19 0.15
AI203 13.80 14.00 13.20 14.00 13.70 12.80
Fe203 1.79 2.25 3.66 1.98 1.84 1.43
MnO 0.02 0.03 0.04 0.02 0.01 0.01
MgO 0.62 0.64 0.94 0.43 0.14 0.20
CaO 1.23 0.75 0.84 1.08 0.84 0.71
Na20 3.66 3.50 2.63 3.40 3.14 2.94
K20 4.47 5.52 4.97 4.42 7.12 5.55
P205 0.09 0.09 0.10 0.08 0.08 0.03
L.O.I. 0.58 0.56 0.86 0.88 0.23 0.36
total 99.92 100.36 100.37 99.46 100.09 99.38
Fe203 0.41 0.74 1.04 0.61 0.79 0.13
FeO 1.24 1.36 2.35 1.23 0.94 1.17
Rb 151 246 272 232 291 251
Sr 290 121 59 154 163 83
Zr 211 1 72 2 3 9 151 161 4 9
Y 1 1 20 28 32 26 1 1
Normative calculation
FC-103 FC-30 FC-29 FC-68 FC-39 AC-31
Ap 0.20 0 .20 0 .18 0.22 0.18 0 .07
II 0 .4 9 .42 0 .32 0 .6 3 0.36 0 .29
Mt 0 .60 1.08 0 .89 1.51 1.15 0 .19
Or 26 .4 0 32.61 26.11 29 .35 4 2 .0 6 32 .7 8
Ab 3 2 .6 6 29.61 28 .76 22 .2 5 26 .5 7 2 4 .8 7
An 5.51 3 .1 3 4 .8 3 3.51 2 .26 3 .3 3
Di 1.18
Hy 3 .09 3 .1 7 2 .58 5 .32 0 .53 2.31
C 0.59 1.12 1.85 2.21 0.74
Q 2 9 .6 6 2 8 .3 2 3 2 .7 2 3 4 .2 3 25 .4 7 3 4 .3 3
TOTAL 99 .2 0 99 .6 5 98 .2 4 99 .2 4 99 .7 5 98 .8 9
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Appendix III- Sample preparation for analysis. Rb-Sr and Sm-Nd systematics. 
Dissolution and column work procedures after Kelley (1980) and Hayward (1983).
A. Sample preparation for dissolution
1. Crush 3 to 5kg of rock sample to 1cm diameter chips.
2. Grind sample in a shatter-box.
3. Split sample to obtain ± 30gm.
4. Pulverize split fraction in a Pica Blending Mill and homogenize
5. Store sample in plastic vial - ready for sample dissolution
B. Sample dissolution procedure.
1. Weigh HN0 3 -cleaned and HF-leached teflon bomb and cap
2. Add Sr spike to bomb and weigh
3. Add Rb spike to bomb and weigh
4. Add Sm spike to bomb and weigh
5. Add Nd spike to bomb and weigh
6. Weigh glassine paper
7. Add approximately 0.25 g of sample to the glassine paper; weigh
8. Place capsules on hot plate and evaporate off the spikes (@ 150 °C)
9. Cool; add 10.0 ml 2B HF and 2.0 ml 2B HNO3 ; swirl; cover capsule with cap 
and place in bomb
10. Place bomb in oven set at 145 SC for one week
11. Remove capsule from bomb and cap from capsule
12. Place capsule on hot plate and dry off HF and HNO3 (@ 150 fiC)
13. Cool; add 10 ml 2B HF and 0.25 ml vycor-distilled HCIO4 ; dry (<® 150 °C )
14. Fume off HCI04 at 250 2C
15. Cool; add 10 ml 6.2 N Q-HCI; dry at 150 aC
16. Cool; add 5 ml 2.0 N Q-HCI; start to dry at 150 9C; finish drying under the 
heat lamp
17. Cool; add 0.5 ml 2.0 N Q-HCI; pour into HNQ3-cleaned centrifuge tube
18. Add another 0.25 ml 2.0 N Q-HCI to the capsule to rinse out any remaining 
sample; decant into the centrifuge tube
19. Repeat step # 1 8
20. Centrifuge and store capped tubes until cation exchange chromatography 
is undertaken.
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C. Cation exchange chromatography
1. Fill 5.0 mm diameter teflon columns plugged with porous chromatography 
discs with 2.0 ml Dowex 50wx - 8 cation exchange resin; introduce as slurry in
2,0 N HCI
2. Clean prepared columns by introducing 15 ml 6.2 N Q-HCI; collect acid in a 
waste beaker
3. Backwash columns with 10 ml 2.0 N Q-HCI
4. Condition columns with 5 ml 2.0 N Q-HCI
5. Introduce 0.1 ml aliquot of centrifuged sample directly to the top of the resin 
column using teflon tubing
6. Add as wash 0.1 ml 2.0 N Q-HCI
7. Repeat step # 6
8. Add as wash 0.2 ml 2.0 N Q-HCI
9. Add as wash 6.0 ml 2.0 N Q-HCI
10. Add 1.5 ml 2.0 N Q-HCI; collect Rb in HN03- cleaned vycor or teflon beaker;
dry (@ 151 ®C); cover with parafilm - ready for the m ass spectrometry
11. Add as wash 6.0 ml 2,0 N Q-HCI
12. Add 4.0 ml 2.0 N Q-HCI; collect Sr in HN03- cleaned vycor or teflon beaker;
dry (@ 150 eC); cover with parafilm - ready for m ass spectrometry
For REE chemistry
13. Add as wash 6.0 ml 3.0 N Q-HN03
14. Add 6.0 ml 3.0 N Q-HN03; collect REE in HN03- cleaned teflon beaker; 
dry (@ 150 BC)
15. Add 50 ul vycor-distilled HCI04 to REE fraction; dry (@ 150); fume off 
(@250 ®C)
16. Repeat step # 15.
17. Cover with parafilm - ready for anion column procedure
D. Anion exchange chromatography
1. Fill 5.0 mm diameter teflon columns plugged with porous chromatography 
discs with 2.0 ml Dowex AG1-x4 anion exchange resin; introduce as a slurry in 
2B H2Q.
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2. Clean prepared columns by introducing two 5.0 ml washings of 1.0 N Q-HCI. 
Condition columns with two 5.0 ml washings of 7.0 N Q-HN03 - 2B CH3-OH 
mixture (N / M; 40% HN03 by volume)
3. Dissolve REE fraction in 0.1 of N/M
4. Add sample aliquot gently to top of resin column with teflon tubing
5. Add as wash three times 0.1 ml N/M
6. Add as wash three times 0.2 ml N/M
7. Add as wash 1.0 ml then 3.5 ml N/M
8. Add as wash 1.0 ml then 3.0 ml N/M
9. Add as wash 1.0 ml then 4.0 ml N/M; collect Sm in HN03 cleaned teflon 
beaker; dry (@ 150 BC)
10. Add as wash 1.0 ml then 4.0 ml N/M
11. Repeat step # 1 0
12. Add 9.0 ml (1 .0  ml then 4.0 ml + 1.0 ml then 3.0 m l) N/M; collect Nd 
in HN03-cleaned teflon beaker; dry (® 150 aC)
13. Add 50 p.l vycor distilled HCI04 to Sm and Nd fractions; dry (@150fiC); fume 
off (© 250 eC)
14. Repeat step # 1 3
15. Cover with parafilm - ready for mass spectrometry.
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Appendix IV - S am ple  preparation  for analysis. U-Pb analysis of in zircon.
A- Sample preparation
1. Crush and grind the sample
2. Pan the sample to separate the heavier minerals
3. Put this heavy fraction into tetrabromethane (density = 2.95); collect the 
heavier mineral fraction
4. Put this heavy fraction into methalyne iodide (density = 3.3); collect the 
heavier mineral fraction.
5. Separate the magnetic minerals of this fraction with a  magnet.
6. Wash this heavy fraction in hot 50% HNO3 for 1 hour
7. The heavy fraction is ready to go to the magnetic separator to separate the 
zircon grains, using the following procedure:
7.1. Initial set of the magnetic sep ara to r: forward slope = 25° , side 
slope = 20®, current = 0.1 amp.
7.2. Put the heavy fraction into the magnetic separator to separate the most 
magnetic minerals; collect the non magnetic fraction.
7.3. Put this non magnetic fraction in the magnetic separator and repeat the 
same procedure changing current, after each step, to 0.2 amp., 0.5 amp.,
1.0 amp., and 1.5 amp.
7.4. Repeat the same procedure changing the side slope to 15®, and 10®.
7.5. Repeat the same procedure changing the forward slope to 20® and the
side slope to 5®.
7.6. Repeat the same procedure changing the side slope to 4®; collect and 
label this magnetic fraction;
7.7. Repeat this procedure changing the side slope to 3®, 2®, 1® and 0®.
7.8. The zircons grains are in fractions collected in the steps 7.6 and 7.7.
8. Sieve these fractions to separate the zircons with different magnetic 
susceptibility by size.
9. Hand pick the zircons in each fraction.
10. Put the picked fraction into ultrapure 50% HNO3 on the hot plate.
11. Repeat this step once.
12. Put the picked zircons in ultrapure 50% HCI.
13. Rinse with ultrapure methanol and dry under the heat lamp.
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B- Sample dissolution procedure (Krogh, 1973).
1. Weigh the sample and put it into the teflon capsule.
2. Add U spike to the teflon capsule and weigh (3 times average).
3. Add 2 ml of HF and 0.1 ml HNO3 in the teflon capsule
4. Place the teflon capsule in a metal bomb.
5. Place the bomb in the oven set at 205° C for one week.
6. Remove capsule from bomb and place the capsule on the hot plate (Q150CC) 
to dry off HF and HNO3.
8. Add 2 ml of 2B HCI and dry down
9. Add 2 ml of 3.1 N HCI and split the sample in two fractions.
10. Weigh these fractions; spike one of the fractions for Pb and weigh.
C- Anion exchange chromatography
1. Clean the resin with 6.2N 2B HCI twice; and 2B H2O twice
2. Put 0.5 ml of resin in the column
3. Put the sample in the column.
4. Add 1.5 ml of 3.1 N HCI wash
5. Add 1.5 ml of 6.2N HCI; collect Pb.
6. Put 2ml of 2B H2O; collect U
7. Add 20^1 of 0.1 M H3PO4 to the beaker and let it dry down under the heat 
lamp.
8. Cover with parafilm - ready for mass spectrometry.
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